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Art.  I.— O/i  the  Distplacment  qfa  Sh^. 

In  the  last  number  of  this  work  we  expressed  our  intention 
of  gmngy  in  succeeding  numbeiSy  a  series  of  papers  on  the  dif* 
ferent  elements  of  the  design  of  ships;  in  wfaieb,  not  only  the 
theory  of  the  irarious  bnmches  of  the  science  would  be  expluncd» 

but  an  example  of  the  necessary  calculations  would  be  given  Hi 
detail.  We  are  aware  that  such  illustrations  have  been  ex- 
pected in  this  work,  nnd  we  hasten  to  realise  those  expecta- 
tions j  and  we  trust  that  the  execution  of  this  intention  will, 
render  the  utility  of  this  work  more  extensive^ -by  the  assistance 
it  will  afford  to  many  who  are  deeply  interested  in  the  advance* 
ment  of  this  science,  but  are  impafectly  acquainted  mik  ita 
principles  and  practice.  The  most  complete  example  of  the 
calculations  necessary  in  the  design  of  a  ship  yet  published,  is 
given  in  Professor  Inman's  notes  to  his  translation  of  Chapman's 
Tractat  mn  Bkepps-byggeriet"  We  propose  giving  a  sep»* 
rate  paper  on  each  branch  of  the  science^  first  escplainiag  the 
general  principles  on  which  it  restB,  and  then  showing  the  a|H 
plication  of  those  principles  to  practice,  in  the  design  of  a  ship: 
the  most  correct  methods  of  calculation  will  he  given;  and,  in 
some  cases,  shorter  methods  of  approximation  will  be  shown, 
which  are  often  of  great  utility  in  practice.  We  shall  give,  in 
order,  the  methods  of  calculating  the  displacement,  centre  of 
gravity  of . displacement,  centre  of  gravity  of  the  ship,  moment 
of  8tability,'moment  of  sails,  &c.  &c 
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2  On  the  Displacement  qf  a  Ship 


No.  l,--MetIiod  of finding  the  ^Displacement  of  a  SMp. 

By  the  displacement  6f  h  ship  U  tneabti  the  volame  of  water 
it  displaces  when  the  ship  and  water  are  hoth  at  rest. 

A  floating  Body  displaces  a  volume  of  the  fluid,  whose  weight 
is  equal  to  the  weight  of  the  body.  The  truth  of  this  principle 
appears  from  considering-,  that  the  vertical  presslirft  of  the  fluid 
supports  the  body,  as  it  previously  supported  the  volume  of  fluid 
which  it  has  displaced ;  and  as,  in  hoth  cases^  there  is  an  equi- 
librium, the  vertioal  prtsrara  of  the  fliad  must  support  equal 
weights ;  that  is,  the  weight  of  the  body  is  equal  to  the  weight 
of  the  volume  of  the  lluid  displaced*  To  obtain,  Uierefore,  the 
total  weight  of  a  ship,  it  is  only  necessary  to  ascertain  the 
weight  of  the  volume  of  water  it  displaces  when  it  floats  at 
Mt  I  which  is  foundf  by  calculating  the  number  of  cubio  £eet 
«f>ntniied  in  th«  part  of  the  body  below  the  fine  of  floatatSoni 
and  multiplying  it  by  ihn  spetific  gravity  of  the  waler|  or  tha 
weight  of  a  cubic  foot. 

Different  methods  have  been  given  for  the  determination  of 
the  magnitude  of  the.  displaced  volume^  some  of  which  are  en« 
lided^  by  their  auperior  aecuraey,  to  general  adoption.  A«  tfaa 
alttp's  body^  or  the  displaced  Yolyme^  is  genendiy  an  irregular 
figure)  these  methods,  which  determine  the  areas  and  solidity  of 
regular  figures,  give  only  approximations  to  its  time  value  j  but 
as  the  errors  of  the  best  methods  may  be  diminished  at  the  will 
of  the  calculator  to  an  exceedingly  amall  quantity^  they  are  to 
be  received  as  praatically  oorrect*  By  the  metfaede  aow  geaa* 
rally  used  by  eenstroetevsi  the  error  m  the  total  weight  of  « 
ship  of  three  or  four  thousand  tons,  is  frequently  less  than  half 
a  ton — an  error  evidently  to  be  totally  disregarded  in  practice. 

Atwood,  in  his  disquisition  on  the  stability  of  ^ips,  in  the 
PhikMophical  TVansactions  of  the  Royal  Spoiety  for  1798,' 
givea  a^bl^  containing  eight  theore»S|  for  measwing  ourvir 
finear  spaoas$  four  of  them,  methods  for  mtasunngeurvilinear 


*  A  Abort  paper  on       Subject  ia  given  in  Vol.  I«<«f  thifewstfc. 
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spaces  terminated  by  parabolic  curves,  with  3,  5,  7,  or  9  equi- 
distant ordinates,  with  the  correspondent  abscissae^  are  taken 
from  Stirling's  treatise  entitled  Methodm  D^ereniiaUM;  the 
four  others  given  1^  Atwood  are  for  meaanring  curvilinear 

spaces  with  2,  4^  G,  or  8  equi-distant  ordiiiates  given,  the  first 
terminated  by  straight  lines,  the  other  tiiree  by  parabolic  arcs. 

The  methods  of  approximation  to  be  used  for  the  qu^dr 
ratore  of  curvilinear  spaces,  are  founded  on  Sir  Isaac  Newton's 
discovery  of  a  theorem,  by  which,  from  having  given  any  num* 
ber  of  points  situated  in  the  same  plane,  he  cotild  ascertain  the 
equation  to  the  curve  which  woukl  pass  tlirough  them  all ;  and 
by  means  of  this  equation,  was  enabled  tp  express  the  ordinate 
in  the  curve,  corresponding  to  an  abscissa  of  any  g^ven  length, 
as  well  as  the  area  intercepted  betWe^  any  Iwn  of  the  9rdt- 
nates.  This  discovery  the  author  himself  considered  amongst 
his  happiest  inventions.  Amongst  the  virions  uses  of  this 
theorem,  that  of  deteriiiiiiiiig,  by  approximation,  the  areas  of 
curvilinear  spaces  is  not  the  least  considerable ;  for,  by  this 
means,  the  fluents  of  fluxional  quantities^  not  discoverable  by 
any  known  rules  of  direct  investigation,  ate  found  to  a  degree 
of  exactness  fully  suffieieat  for  any  prac^iJ  purpose,  and  with 
very  little  trouble  of  computation/* 

In  determining  the  area  of  any  curvilinear  space  by  the  fol- 
lowing rules,  arcs  of  parabolic  curves  of  diiferent  orders  are 
supposed  to  pass  through  the  extremities  of  a  certain  number 
of  eqiii£stant  ordlaaletf,  dependent  on  liha  order  of  the  para- 
bola ;  for  a  conic  parabola  diree  ordinates,  for  a  parabola  of 
the  third  order  four  ordinates,  for  a  parabola  of  the  fourth 
order  five  ordinates,  and  so  on;  aiul  as,  by  taking  the  dis- 
tance between  these  ordinates  small,  the  parabolic  arc  must 
very  nearly  coincide  with  the  givan  curve  passing  through  the 
extremitleB  of  the  same  ordinate*,  the  area  determined  by 
diese  rules,  which  is  the  tme  area  of  tlie  parabolic  space,  mast 
be  very  nearly  equal  to  tlie  area  of  the  curvilinear  space  re- 
quired. 
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In  this  table  the  letter  A  denotes  the  sum  of  the  first  and 
last  ordinate  of  the  number  opposite  to  it  in  the  first  column ; 
B  is  the  sum  of  the  second  and  last  but  one ;  C  is  the  sum  of 
the  third  and  last  but  two^  and  so  on.  The  extreme  letter,  sup* 
pose  D  (as  in  the  rule  opposite  8  ordinates),  is  the  sum  of  the 
two  middle  ordinates,  if  the  number  of  ordinates  is  even;  or 
the  extreme  letter,  suppose  D  (as  in  the  rule  opposite  7  ordn 
nates),  is  the  middle  ordinate  alone,  if  the  number  of  ordinates 
b  odd.  R  is  the  entire  length  of  the  abscissa,  which  is  always 
equal  to  the  common  interval  between  the  ordinates^  multiplied 
by  th«  number  of  ordinates  diminished  by  unily*'' 
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On  tke  JHiphemmti  of  a  8^^.  5 

Atwood  gives  general  rules  for  the  lint  three  theorensy  iHiicbj 
when  the  otdinates  we  nQineroiiiy  are  more  readily  applied  ia 

practice. 

RuiB  h 

Areas  P—s  x  ^ 

5n  which  expression  P=:the  sum  of  all  the  ordiiiates;  S  =  the 
sum  of  the  first  and  last  ordiaate  ^  and  r  the  common  dis* 
taace  between  the  ordinates, 

RULB  2. 

Area  =  HT4PT2QxI 

3 

in  which  expression  S  =  the  sum  of  the  first  and  last  ordinate; 
P  s  the  anm  of  the  2d,  4th»  6th,  &c.  ordinate  ;  Q  »  sum  of 
the  Srdy  Bib,  7th,  &c.  ordinate  (die  last  excepted)  ;  and  r  = 

the  common  distance  between  the  ordinates. 

RmuB  3* 

Area  =  S  +  2P-f  3Q  x  -g- 

in  which  expression  S  =  the  sum  of  the  first  and  last  orduiatc  ; 
P  =  the  sum  of  the  4th,  7th,  10th,  &:c.  ordinate  (the  last  ex- 
cepted) i  Q  s  the  sum  of  the  2d,  3rd,  5th,  Gth,  8th,  9th,  &c, 
ordinate ;  and  r  =  the  common  distance  between  the  ordinates. 

The  first  rule  was  formerly  in  general  nse^  for  the  calculation 
of  the  displacement  of  a  ship,  in  other  countries  as  well  as  in 
^is.  Bonguer  used  it  in  his  Tralt/^  die  Navire ;  and  Duhamel 
du  Monceau  adopted  it  afterwards  in  his  Elemens  de  VArchi- 
lecture  Navale.  it  is,  however,  now  but  little  used,  from  its 
being  much  less  correct  than  the  two  other  rules.  It  supposes 
straight  lines  to  be  drawn  from  the  extremities  of  the  ordinates, 
and  neglects  the  curvilinear  spaces  contained  between  these 
chords  and  the  corresponding  arcs  of  the  curve.  It  may  be 
used  with  any  number  of  ordinates.   Its  proof  is  very  simple. 


Digitized  by  Google 


6  Oniki  Disphmmmt  9/ a  8h^. 

.  h^AQQ*  A\  Fig.  1,  repfetetal  any  emrriiiiicer  kpmi  let 
eke  tAocttam  ordinates  bt  reprcteiited  by       e»    te. ;  and 

let  the  common  interval  between  the  ordinates  »  r.    Jmn  AB, 

BC,  CD,  &c.    Then  the  area  of  the  trapezium  ABB'A'aa 

o+^xgi  of  the  trapezium  BCC'B' =  i +  c  x  ~, 

and  so  on;  the  whole  area,  therefore,  of  AGG'A'  = 

 g^xr  =  P- jxr. 

In  olitainiiig  an  area  by  this  rule,  measure,  by  the  scale  of  the 
iigure,  the  lengths  of  all  the  ordinates ;  place  the  lengths  of  all 
the  ordinates  in  the  first  column,  and  the  lengths  of  the  first  and 
last  ordinate  in  the  second  column  |  from  the  sum  of  the  first 
column  subtract  half  the  sum  of  the  secood  column,  and  mul- 
tiply the  remainder  by  the  common  distance  between  the  ordi- 
nates. rUe  result  is  the  approximate  value  of  the  area  required. 

The  second  rule  was  first  applied  to  the  calculation  of  the 
displacement  of  a  ship,  and  of  other  elements,  by  Chapman,  in 
his  Traetat  am  Skqtpt'-lfygfferiet ;  and  is  now  come  into  gene- 
ral use.  It  supposes  arcs  of  a  conle  parabola  to  pass  through 
every  three  successive  ordinates,  as  ABC,CDE,  &c.  It  may  be 
used  in  all  cases  in  which  the  number  of  ordinates  is  odd ;  the 
first  area,  ABC,  having  tliree  known  ordinates,  agreeably  to 
the  nature  of  the  curve,  and  the  first  of  the  three  ordinates  of 
each  succeeding  area,  as  CD£^  being  the  last  of  the  three  ordi- 
nates of  the  preceding  area. 

Let  AGG'A',  Fig.  1,  represent  any  curvilinear  area,  and  let 
the  ordinates,  and  common  distance  between  them,  be  repre- 
sented as  in  the  proof  of  the  first  rule.  Let  AISC  be  an  arc  of 
a  conic  parabola,  whose  axis  is  perpendicular  to  A'C,  and  let 
the  space  ABC  be  supposed  to  be  generated  by  the  straight  line 
HI  moving  in  the  direction  BK«  Let  HI  ss  and  BLs 
£hen    =  px^  {p  being  the  parameter  of  the  parabola.} 

Then  f  = f^^~^.      I.  KLM  z  I-  + 
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correction  =         ^iw.  L  +  correction  =  the  area  HBI.  The 

correction  s  o,    because   when  x  S9  ^  both  qji^iiiities 

2 

vanish.   The  whole  area  ABC  is  therefore  =  5-  BK.  AC. 

9 

Add  to  this  the  area  of  the  trapeziuni  A'ACC  =  a  +  r« 
TTien  the  whole  area  A'ABCC  =  4b-^a-2c.    +  oTZ 


r  =  a  +  46  +  c. ^.  In  the  same  mauner  the  area  C'CDEE'  =s 
c  +  4iif  +  e.     and  so  on.  The  whole  area  AGGPA'^  theiefbre 

In  obtaining  aa  vea  by  this  rule,  place  the  lengths  of  the  or* 
dinatee  in  Ihree  coIwikis  ;  in  t)k^  fii^l  coUiniip  lengths  of 
the  first  and  last  ordinate ;  in  the  second  cplnmn  the  lengths  of 

the  2d^  4th,  6th,  &c.,  ordinate  $  and  in  the  third  colmnn  the 

lengths  of  the  oid,  .Otli,  7th,  &c.,  ordinate,  the  last  ordinate 
excepted  ;  multiply  the  sum  of  the  second  column  by  4,  and 
the  sum  of  the  third  column  by  two^  and  to  the  sum  of  thcs^ 
products  add  the  sum  of  the  first  column ;  multiply  the  sum  by 
one  third  the  common  distance  between  ilve  ordina^Si  and  the 
result  is  the  approximate  value  of  the  area  lequtred* 

The  third  rule  was  first  applied  to  the  calculation  of  the  ele- 
ments of  sliips  hy  Atvvood.  It  supposes  arcs  of  a  cubic  para- 
bola to  pass  through  every  four  successive  oidiiiates,  as  ABCD, 
J>J^G,  Fig.  1.  It  is  applicaihie  to  all  cases  in  which  theaumr 
her  of  the  ordinates  is  a  multiple  of  S  +  i:  the' first  area, 
ABGD,  having  four  ordinates  known,  agreeably  to  the  nature 
the  curve,  and  the  first  of  the  four  ordinates  of  each  succeeding 
area,  as  Dlil  G,  being  the  last  of  the  four  ordinates  of  the  pre- 
cceding  area,  as  ABCD. 

Let  the  same  notation  be  observed  as  in  the  proof  of  the  se« 
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8  0»  lie  JiijiihwiiiMl  Vtf  m^. 

coad  nito;  take  the  equation  of  Hie  parabola  of  the  Uurd  de- 
gree, y=P  +  Qa?+        +  s^3. 

When  0?  =  0  ,  a  =  P 

»:=2/',  c  =  P4- 2Qr +  4  Rr»  +  8Sr» 
a?  =  3r,  £?=:P  +  3Qr  +  9Rr«  +  27Sr» 
From  these  four  independent  equadom,  the  coefficients  of  the 
equation  of  the  curve,  P,  Q,  R,  and  S,  may  be  immediately 
found  in  terms  of  the  known  oidiuates,  a,    c,  and  d. 

Hence  P  s=  a 

»  27^  

Substituting  these  values  of  the  coefficients  in  the  equa- 
tion ^  =i  P  +  Ra*  -i:  Sx^i  it  becomes 

 ,18^-  !la-9c  +  2<l  ^  .   2a  -  5 i&  +  4i?  -  if 

*  or  ^  2r* 

+  and  /ydx= /ado?  + 

lla-9c  +  2rf     ,         /^2fl  -  5^  +  4g>^if 

a?»d*  +  /— — —  —  ^ 

186-lla  — 9c  +  2f/  2a-5A+4c-.rf 

 —  .0^.4.  g_  ^.^3^ 

31}  —  a  —  3c  +  d     .  , 

  24  r«"* — •  *      correction,  ss  the  paraboHe  area. 

The  correction  s  0,  because  when  ^  s=  0,  the  quantities 
vanish* 

Taking  #  »  3  r,  and  substituting  accordingly,  tlie  area 
A' APC00' » inrsF+TcTd,  g r. 
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In  the  same  manner^  the  jvea  VDEFQG  =  d  4-3«+3/+^.  gr« 

The  whole  area  AGG'A',  therefore, 

In  dAaining  an  area  by  tUs  rale,  place  the  lengths  of  tiie 
ordinates  in  three  columns ;  in  the  first  column  the  lengths  of 
the  first  and  last  ordinate ;  in  the  second  column  the  lengths 
of  the  4th,  7th,  10th,  &c.  ordinate,  the  last  excepted  j  and  in 
the  third  colomn  the  lengths  of  the  2d,  drd,  5  th,  6th,  8th, 
&c.>  ordinate  $  multiply  the  sum  of  the  second  coluinn  by  2, 
and  the  sum  of  the  third  column  by  3,  and  to  the  sum  of  these 
products  add  the  sum  of  the  first  column ;  multiply  the  sum 
by  three-eighths  of  the  common  distance  hetween  the  ordi- 
nates, and  the  result  is  the  approximate  value  of  the  area 
reqpiired. 

In  order  to  find  the  displacement  of  a  ahip  by  means  of  these 
rules,  it  Is  necessary  to  have  the  sheer  and  body  plans  of  the 

ship.  Let  ABCD,  Fig.  2,  represent  the  sheer  draught  of  the 
ship,  DE  the  loadwater-line,  to  which  the  displacement  is  to  be 
calculated.  Take  any  point  F  within  a  few  feet  from  the  stem, 
and  any  point  O  or  the  same  line  near  the  stem-post;  divide 
the  distanee  FG  into  such  a  number  of  equal  parts,  at  2,  3,  4, 
5, 6,  &c.,  the  common  distance  between  them  being  from  four  to 
six  feet,  that  the  number  of  the  points  of  division  together  with 
the  extreme  points,  F  and  G,  may  be  either  odd,  or  a  multiple 
of  3  + 1.  llirough  these  points,  draw  1 1,  22,  33,  44,  55j  &;c., 
perpendicular  to  DE.  Let  HAH,  F^.S,  represent  the  body 
plan  of  the  ship,  the  lines  marked,  1 1, 22, 33, 44, 55,  c^c,  being 
the  transverse  vertical  sections  of  the  ship,  to  the  outside  of  the 
plank,  at  the  correspondiiig  stations  1 ,  2,  3,  4,  5,  &c.,  in  the 
sheer  draught.  Fig.  2 ;  those  on  the  right  side,  being  the  verti- 
cal sections  before  the  midship  section,  and  those  on  the  left 
ttde,  the  vertical  sections  abaft  the  midship  section.  Draw  the 
straight  lines  22,  33,  44,  &c.,  below  the  loadwater  line  DE  and 
parallel  to  it,  at  the  distance  of  one  foot  apart  (or  further  apart, 
if  any  case  may  render  it  necessary  to  prefer  greater  expedition 
to  greater  accuracy),  in  both  the  sheej^  and  body  plans.  Then 
measure  by  the  scale  of  the  drawings^  the  lengths  from  the 
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middle  line  li^  of  the  half  bre^dtlii  on  tl^ese  horizontal  lines  of 
all  the  Mctiona  in  the  body  plan ;  and  Insert  them  in  a  table 
of  ordinates*   See  table  of  onHnalM  of  the  Valage,  page  19, 
The  areas  of  these  vertieal  sections  are  then  obtained  by 

means  of  either  of  the  preceding  rules,  the  second  or  third  rule 
being  always  to  be  preferred,  from  their  greater  accuracy.  This 
will  five  the  vertical  arfWM  hetwwn  the  loadw^t^r  ai)4  Ito 
Iqdmt  iiQipiyoiitiil  tiiie^  |Q  whicli  mos^  be  »dd«dt  (be  mall  areea 
VeioMT  this  Ikie.  inclediiiff  Ihe  iwaioder  ef  Ibe  eniviliiiewr  ure  w 
of  the  seetion,  with  the  areafi  of  the  sections  of  the  Heel  and 
false  keel.  Tlie  half-vertical  sections  are  then  found,  from  1  pr 
F  to  the  last  at  22  or  G  ;  and  by  using  these  areas  as  qrdinates 
in  one  of  the  rules,  the  half'-ditplacepi^nt  i«  fomid  l^w<^n  the 
£areaiost  seetion  F/t  ead  the  alterinosi;  seetimi  G^*  The  i#)i4s 
bafore  tkt  (anmoi^  and  abaft  t)ia  a(tejr|nei|^  i^ctieni  the» 
obtained  8e|Mirately,  by  calculating  the  small  horiaontal  Arena  mt^ 
the  extremities,  and  using  them  a3  ordinates  in  one  of  the  rulf  s ; 
the  small  solids  below  the  lowest  horizontal  line,  and  before  the 
foremost  and  abaft  the  aftermost  sections  being  added  to  tliem. 
By  adding  tXk^^ssih^  these  three  solids^  tlie  JbiS|if-4ispilj»pep»eu(  IS 
obtainedf  by  means  of  ibe  vertii^  seotiomu 

The  displeeement  »ay  Aeo  be  found  by  aneaos  of  tbe  bori-? 
zontal  sections :  both  raetbods  being  generally  adopted^  as  a 
check  to  the  correctness  of  the  calculations.  Tiie  balf-areas 
of  the  horizontal  sections  are  obtained  by  first  calculating  the 
s^^m  by  one  of  the  rules,  between  the  foremost  ejf^^  ^^fterrnqs^ 
seiftions^  F^aud  G^,  and  then  adding  to  them  the  small  hori- 
zontal sections  before  and  abaft  those  vertical  aecjdons*  By  using 
tbese  areas  as  ovdinates  in  one  of  the  rnlesi  ^e  solid  is  fpund 
between  tbe  loadwater  section  and  tho  lowest  horizontal  section  f 
and  by  adding  to  it  tlie  solid  below  this  section,  calculated  se- 
parately, the  half- displacement  as  pbtaiued  by  mejius  pf  the 
horizontal  sections. 

By  dividing  tbe  displacement  thus  obtained  in  cubic  feet  by 
35,  the  number  of  cubic  feet  of  sea  weter  in  a  toi^  tbe  di9' 
placement  of  tbe  ship  is  given  in  tons. 

The  following  example  of  the  calculaliun  of  the  displace- 
ment of  the  Vokige,  both  by  vertical  and  horizon^  sp;A:j,iQn-1f 

will  iiiu&uate  what  has  been  said  ou  the^^u^^ect. 
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fei't. 

Length  at  the  loadwater  line  from  the  fore  part  of  ^ 

the  rabbet  of  the  Btem,  to  the  after  part  of  the  >    1 15,4 

rabbet  of  the  stern-post  J 

Breadth  at  the  loadwater  line  to  the  outside  of  phmk  32,2 
Dfvuglil  W  watef  It4he  iMider  aid^  of  f  f^tward    •     14  fi 

the  false  keel     •  \  abaft   .    .  15,8 

DcptJi  of  the  keel  and  fal^o  keel  ijeiuw  tbe  low^r  edge  1         j  y 
uf  the  rabbet      the  keel   .•••«•»•/  * 
Tkit  HiuiilMr  el  ver^kftl  secfions  in  this  fspmple  is  22,  the 
con^mo^  distance  between  them  beSny  I  lioet  j  and  the  number 

cSstaqce  betwe^  them 

Wii^  one  (oQt. 

:  ■  ■  -  _   _  ,  ' 
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14  On  mm^kmmuii  &f  ^  J{H»\ 

In  the  following  calculations  for  determining  the  half-areas 

of  the  Tertical  sections,  the  third  rale  S+2P+8Q  x  |  r  is  used, 

the  number  of  oidinates,  13,  being  a  multiple  of  3,4-1.  The 
second  rule  might  with  equal  propriety  be  used  in  this  case,  as 

I  ^ 

the  number  of  ordinates  is  odd.  The  common  distance  r,  be- 
tween the  ordinates,  Mng»  in  these  calculations^  one  foot,  it  is 
only  necessary  to  multiply  by  3,  and  divide  by  8.  When  the 
area  between  the  ordinates  1  and  Id  is  found  by  the  rale,  which 

iii  vertical  section  1,  =  15.  72,  the  small  area  below  the  ordi- 
nate 13  is  calculated  separately,  equal  in  this  case  to  1.68,  and 
is  added  to  it,  giving  the  complete  Mf-area  of  the  vertical  sec- 
tion 1 17*  4  lieeU 

ffa^'-m'tas  o/  Vertical  Seclma, 
No.  I.  No.  2. 

1..3.85          4..  1.72   2..  2.;a  1..9.75         4..  4  70   2..  7.70 

13..  .48          7..  l.Oa  3..  2.10  13..                7..  2.3B  3..  6.08 

— —        W..    .«8  5.,  — p-        te..  3.68 

S,33    g.,  1.22  10»4e    6..  2.95 

3.43   8..    .90  8.31    8..  1.92 

2   9..    .78  -       2    if,,  1.55 

—  11.,   .6»   U.,  1, 

8.88  18».   «»8  16.66  12..  . 

4.33  —  10.40   

30.75        10,25  77.10 


41.94      .   104.18 

3       30.75  3  n.lO 


8)128.88  8)312.48 

15. 72  39. 06 

Ana  below  \          ,  ArMbdowl  ,  q„ 

ordinate  13/  ordinate  13/ 

Halt-area   J    Half- area  "j  ■ 

<»rvtrticsl>        1^40  of  vertical  >  40.98 
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Huif^ortoi  qf  Vertical  Becikm. 


No.  3. 

4..  7.95 
7*.  4.05 
10.«  2.00 


S..tO.I5 

3.*  9.50 


28.00  12.. 

121.  71 


Area  below  1 
offtfiiMtA  13  r 
Half-ftrea  l 

of  vertical  V 
section  J 


1(9.70 
3 

.  61.03 


63.36 


A8I.7I 


t.«l3.«0 
1.S5 


No.4« 

4..  10.65 

7..  5.95 
10..  2.85 


19.45 

2 


t..l8.IO 

3..1I.B5 
6..  9.10 
7. 45 

4.  65 
3.62 


6.. 

B.. 

9.  • 

  11..  2.30 

38.90  12..  1.80 
14.85 

160.71 


Area  below') 
onHiiate  13  f 

Half-area  | 

of  vertical  > 
section  • .  j 


314.46 

3 

8J643. 38 

80.42 
8.7ft 


160.71 


83.17 


No.  5*  No,  6. 

^1*.14.3         4.a2.30  8«.13.85  i,a4.92        4..  13.60   2,.  14.65 

U..  1.6        7..  8.i6  3.. 13.90  13..  1.75       7..J0.08  3.a4.e» 

  10..  3.90  5..  11. 25    10..  3.83  .5. .13. 70 

15.^    6..  9.80  16.67    6..  11  50 

24.28   8..  6.55  28.90   8..  8.40 

2  9..  5.15  3  9..  6.88 

  11..  3.00    n..  3.95 

48.56  12..  2.28  57.80  12..  2.70 

15. 9       _.  16. 67 

195.34       65.68  834.94 


359.ro    299.41 


3      195.34  3  834.94 


8)779.10  3j898.23 

'99.88  113.38 

Arpa  belowl           am                  '  Area  below!  • 

ordiQatelSf  ordinate  13/ 

Half-area  5     .  ^— -  ilalf>area  |  ■  ■■ 

of  vertical  \       103.67  of  vertical  >  115.9 

Mctioa  ..J  *■  Mctioii  ..J 
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1..15. 50 
13..  2.15 

17.65 


Area  below! 
ordinate  13/ 
H«lf*area  j 

of  vertical  > 
section  J 


No.  7. 

4..  14. 4 
7.. 11.3 
10,.  6.5 


"  32.2 
2 

i  64.4 
17.65 
848.4 

3 

8}9i»1.35 

123.92 
3.40 


2..  15. 1^5 
3..14.9d 

5.. 13. 65 
6.. 12.60 
8..  9.90 
9«»  8. 25 
11..  4.85 
12..  3.40 


127.32 


240.40 


1..  15.72 
l3..  2.46 


18.17 


4..14.80  2..  15.50 
7.a2.25  3..  15.22 
lO.,  7.62  5..  14. 20 

  6..  13. 35 

34.67  8..  11. 00 
2  9..  9.40 

 11..  5.78 

69.3412..  4.00 
18.17 
265.36 


Area  below  1 
ordinate  13  J 
Hair.area  1 

of  vertical  > 
section  J 


352.86 
3 

8)1058.58 

.132.32 
3.50 

135.62 


265.35 


1.. 
3., 


15.90 
2.55 

ioijs 


No.  9. 

4. .^5. 25  2..i5.§0 


.  7..  13. 0.5 
10..  8.50 


Area  below  1 

ortlinatr  13 
Half-area 
of  vertical 
Motion 


3..  I5.6^> 
5..H.  75 
6..  14.  05 
8..U.  70 
9..  10.25 

  IK.  6.50 

73.60  12..  4.40 
18.45  . 


36.80 
2 


2;y.  15 

371.20 
3 

8)1113.60 

139. 20 
3.53 


93.05 
3 

279. 15 


142. 73 


1..  Iff.  04 
13..  2.75 


18.79 


No.  10. 

4.  .15.  40 
7..  1:5. 55 
10..  9.22 


15.93 
3.. 15. 75 
5.. 15. 00 
6. . 14. 00 
8..  12. 45 
9.. 11.00 

 11..  7.10 

76.3412..  4.80 
18.79   


38.17 
2 


Area  belowT 

ordinate  13  j 
Half-area  j 
of  vertical  > 
teclion  m,j 


289.29 

384.42 
3 

8)1153.26 

144. 15 
3.65 


96. 43 
3 

289.29 


147.80 
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1..  16.07 
I3».  3.90 


18.97 


No.  11. 

4..  15. 55 
7..  13.90 
10..  9. OS 


2 

78.60 
18. 97 
396.43 

394. 00 

 » 

8)1162.00 
147.70 

Area  belowl  _  ^- 

OTdinateiaj 

Ha2f.«r«ft  i   

of  verliaa  >.«  151.60 
MCtioa  ..J 


2.. 16. 00 
3.. 15. 84 
5..  15. 15 
6..  14.62 
8..  12. 85 
9..  11.55 
11..  7.70 
12..  5.10 


98.81 
296.43 


1..16.1 
13..  3.0 


19.1 


No.  12. 


4..  15. 7 
7,.14.1 
10..  10.1 

39.9 
3 


2..  16.05 
3.. 15. 90 
5..  15.32 
6..  14.  80 
8.. 13. 12 
9.. 11. 70 
11..  8.00 
79.80  12..  5.40 
19. 10 
301.03 


399.92 
3 

0)1199. 76 


Area  belowl 
ordinate  13  j 
Half-area  1  ' 
of  vertieal  >  •  • 
section  ..J 


149.97 
3.02 

153,79 


301.03 


1.. 16.10  ' 
13..  2.95 

19.05 


No.  13. 

4..  16. 75 
7.. 14. 22 
10.. 10. 05 


40. 02 

2 

80.04 
19.05 
302.58 

401.67 

3 

8)1205.01 


2.. 16. 06 
3.. 15. 95 
5..  15.40 

6..  14.98 
8.. 13. 18 
9. .11. 80 
11..  7.96 

12..  fj.  r. 


Areabelowl 
offdiaatelS/"** 

r 

IfaJf-area  'I 
of  vertical  > .. 
tectioa  ..J 


'  150.62 

3.63 


Area  of 

section 


^  1 
ip  >. 

»  .J 


154. 2S 
3 

308.50 


100.86 

3 

302.58 


1..16.1 
13..  2.7 

loTo 


No.  14. 

4.. 16. 80 
7.. 14. 12 
10. .10. 04 


39.96 
2 

79. 92 
18.80 
301.86 

400.58 

3 

)12ftl.  74 
150.33 

Ai«*belowl  3  34 

ordinate  13/ 
Half-area  1  ' 
of  vertical  v..  153.56 
sectioQ  ..J 


3.. 15. 

5..  15. 48 
6..  14. 92 
8.. 13. 10 
9..  11.82 
U..  7.90 
12..  5.35 


100.68 

3 

301.86 
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Balf-asrem  of  Vertical  Sectumi* 


No.  15. 


IS..  S.C 

IT? 


4..  15. 72 

7.* 13. 90 
10..  9.95 


2..  16. 08 
3..1&.  92 
5.. 15.30 
6..  14.70 
8..12.90 
9.. 11. 65 
11..  7.88 
79. 14  12..  5. 15 
18.  70 
298.74 


396.58 
3 

0)im74 

I 

148.73 

Area  below  1  «  «|. 
ordinate  13/ ^'t** 

Half*aTea  1  ■  "-f 

of  vertical  V  .*  151.88 

aection  .,J  — 


99.58 
3 

298.74 


I.. 16. 10 
13.4  2.48 


18.58 


Area  below 
ordinate  IS 
Half-area 
of  vertical 
section 


No.  16. 

4..  15. 65 
7.. 13. 80 
10..  9.80 


39.25 
2 

78.50 

18.58 

07 

393.15 
3 

.11 1  

8)1179.45 

147.  a 

...  3«0S 


t..l6.«S 

3..  15. 88 
5.  .15.  20 
6. .14.  60 
8..  12.78 
9..  15. 50 
11..  7.70 
12..  5.00 


150.46 


98.69 
3 

296.07 


No*  17.  • 

4.. 15.35  2. 
7..  13. 20  8. 
10..  9.00  5. 

37.55  8.' 

8  9. 
  11. 

75.10  12. 

18.33 
283.60 


377.23 
3 

8)1131.69 


283.8 


Area  below  1 
ordinate  13  J 
Hair-arM  T 
of  rertical  >  . . 
Bcction  ..J 


1..16.0 


10.0 


No.  18. 

4. .15. 09 
7..  12.55 
10..  8.10 


35.74 
2 

71.48 
18,00 
270.93 

360.41 
3 

8)1081.23 

"ISTiS 

Area  below  ">  ^  « 

ordinate  13/ •••• 
Half-area  1  > 
of  vertical  >  ..  137.82 


2..  15.  80 
3..  15. 50 
5..  14. 40 
6..  13. 64 
8..  11.32 
9  • .  9. 85 
11..  6.05 
U,,  3.75 


270.93 
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On  ike  Dupkcmmi  ^fm  Sk^. 


No.  19. 


No.  20. 


4..  14.  45  2.. 15. 52 

7..  11.  52  3..  15.  10 

10..  6.95  5..  13. 70 

  6..  12.  70 

32.92  8..  10.20 

2  9..  8.75 
5.00 


(»5.8412.,  3.10 

17.50   

252.21  •  84.07 


below" 
ordinate  13 
Half-area  1 
of  vertical 
Kction 


3S5.SS 
3 

8}1006.6S 


12o.  83 
2.39 


163.21 


4..  IS.  45 

7..  9.88 
AO..  5.00 

38.33 

2 


321.07 
394. 

8)883.44 

Ar«abelowl  »  m 

oniinate  13f  * 
Half-area 


2..  15.  OS 

3.. 14.  32 
6. . 12. 4o 
6.. 11.20 
8..  8.30 
9..  6.72 

 ll-  3.45 

56.6613..  3.30 

16. 75   

73.69 
3 


} 


No.  21. 


Ha.  32. 


1..  14.60 
13.  •    .  88 

15.48 


Area  beiow 
ordinate  13 
Half- area 
of  vertical 

•eedoB 


4.«11.8d  3.. 13.93 

7*.  7.^0  3..  13.  00 
10..  3.38  5..  10.  50 
6..  y.08 
8 . .  6.  15 
9..  4.75 

 11..  2.30 

45.8313..  1.45 
15.48   


183.45 
344.75 


8)734.25 

91.78 
1.^ 


•  • 


93.38 


61. 15 
3 

183.45 


1..13L35 
13.»  .40 


4.«  8.65  3.. 11.35 

7,.  4.60  3..  10.05 
10..  1.45  5..  7.20 
^^~"*  6,,  5.88 
14.70  8..  3.40 
2  9..  2.30 

 11..  .85 

29.40  13..  .50 

12. 65   

124.29  41.43 
3 


166.34 
3 

•)400.03 


62. 37 
1.13 


Area  below  \ 
ordinate  13/ 
Half-area 

«f  vertical  >  ....  63.49 


} 


c  2 


134.23 
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Oft  iheJHtplacmeni  of  a  SUp^ 


SoUd$  hrfwe  Vertical  Section  I,  midn^  Vertical  Section  13. 


1..63.38 
13.  •  1,10 


Solid  forward. 
4..  36. 85   2.. 54, 48 


65.06 


7..  15. 48 
10..  4.17 


3*.  44. 87 
ff..27.63 

  6.. 20.33 

55.60    8..  10. 06 
2   y..  6.51 

111.00  12.'^  2.27 

65.08   

506.61  108.87 


1..6. 18 
13..2.91 

9I09 


Solid  abaft. 
4.. 3.  87    2.. 4. 87 


7.. 3. 34 
10*. 3. 12 


3. .4. 22 
5. .3. 6(1 
6..  3. 46 
8., 3. 26 
9.. 3. 21 
11.. 3. 06 
20.66  12..  3. 02 

9.09   

86.10  28*70 
 .  3 


682.69 
3 

8)2048.07 


d06.tlJL 


SoUcI  l^elow 
horiz^Dtal 
'wcnon  13- 
Hair.solld  \ 
fonrurd  j 


256.01 


••••898.66 


115.85 
3 

8)347.55 

Solid  below-}  ^'^^ 
horizontal  >  ••••  9.37 

section  13  I  •  .  

Hair.solid  1 
abaft  J 


86. 10 


92.81 


I>isplacement  found  hy  mtam  of  the  Jrooi  of  the 

H    Vertical  Sections,  '  " 


1.. 17.40 
22».63.49 


80.89 


•4..  83.17 
7..  127. 32 
10..  147.  80 
13.. 154. 25 

id.'.  150. 46 
19.,  128. 22 


791.22 
2 

1582.44 

8099.64 

6762.97 
IS 

3381485 
676297 

8)101445.55 

12680. 57 

SoUaibnraid  258.66 
Solklabafk   52.81 

Half  displ^mentl  i2y91.94 
la  cubic  net     J  2 


2..  40.98 
3..  63.36 

5..  102. 87 
6.. 115. 29 
8.. 135. 82 
9.. 142. 73 
11. .151. 60 
12..  153.79 
14..  193. 56 
15..  151.  88 
17..  144.34 
18. .  137.  82 
90..  112.46 
21..  93.38 


1699.88 

3 

5099.64 


^'Sl^ln^&felBet}      25983.88  •^35  «  742.39  wboledUpUcement in  toni. 
In  the  last  calculation,  the  quanti^  6762. 97  it  nmltiplied  hy  15,  beCftflMr^ 

ihtt  diBMM  between  tde  verticia  iccttoni,  li  5  ftety  to  thai  3r  m  |5« 
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flf  the  horiMnU  fie* 

Half-area  of  the  Loadicater  Section* 


It  is  uftttal  to  find  the  TTlnfliniUMit  akotgr 
Uqua,  to  ensure  correctoesfl. 


1..  3.85 
22.. 12. 95 


IS.  10 


4.. 13. 50 
7..  15.50 
10..  16.  04 
13..  J 6. 10 
16..  16. 10 

2 


16. 10 

«2r.i8 


Ami  befiiNtt  mlieftl  iceflun  No.  1  .V* 
Am«l»aftTertiaaMCtioiiNo.22 


414680 

8)12440.40 

1556.05 
6.18 


Half-area  of  loadwatcr  section 


•  *«• 


Area  of  lo«d  water  sectioa 


1624.61 
8 

8240.23 


2-.  9.75 
3..  12. 05 
8.  .14. 80 

6.. 19. 92 
8..  15. 72 
9.. 15. 90 
11.. 16.07 
12..  16. 10 
14.. 16. 10 
15.. 16. 10 
17.. 16. 05 

IB..  If;.  00 

20..  io.  50 
21.  .14. 60 


209.06 


i 627. 18 


lo  U)«  same  manoer  the  areas  of  tlie  other  liorisontai  sectious  are  found* 
The  balf-areat  of  all  tlwM  soctioni  ape  fivea  in  Ibe  list  oolvnui  of  Hic  taUo 

0f(  " 


1.. 1624. 61 
13..  211.74 


1836.35 


4.. 1435. 45 

7..1):^2.34 
10..  709.66 


■  3277. 45 

2 

6554.80 

18.36.  35 
25372.53 

33763.78 

3 

8)101291.34 


Solid  below  sec-' 
tion No.  13../  •••• 

Half-displace' 
ment  In  cubic  V 
feet  S 

Whole  (Ji«placc»  I 
meat  iu  cubic  >  ** 
ft^  f 


12661.41 
316.40 

12977.81 

2 


8«.  1572. 08 

3.. 1509. 51 
5.. 1347. 63 
6.. 1246.38 
8.. 1004.44 
9..  865.90 
11..  544.69 
12..  366.88 


8457.51 
3 

25372.63 


25908. 62  4-  35  t>  fih    wholo  dbplififllM&l  in  tolf* 
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Cabie  f «et  ToM» 

Displacement  found  by  the  vertical  sections  25983.  88  742. 39 
IMtto      ditto     h<mzontal  fiecdons  25955. 62  74 1 . 62 
Mean  displacement  of  the  Volage      -      25969. 76  74i.  99 
Hie  following  weights  make  up  the  total  displacement  of 

this  ship.  The  weight  of  the  hull  is  calculated  by  finding  the 
displacement  of  the  ship  when  launched,  in  the  same  manner 
as  tbe  load  displacement  has  been  found  above* 

Tons. 

Weight  of  hull        -         -         .  371,0 


» 

99 
99 


99 

» 
99 

n 

9* 
99 

99 

99 


baUaat         -         -         -  63,0 

water      ...»  53,0 

tare  of  casks  and  tanks         -  10,5 

ship's  company,  bedding,  &c.  with 
provisions  for  four  months,  includ- 
ing tare  of  casks,  with  the  galley, 

coab,  and  wood       •        -  59,0 

ordnanco      •    -  * 

powder         -         -         -  3,9 

shot,  round  and  in  hQ%eg        «  20,5 

gunner's  stores          -          -  4,4 

carpenter's  stores            -  14,7 

boatswain's  stores,  with  boats  18,9 

aaehon  and  cables  •  Mfi 
slops,  ponci^  neeeasarico,  marine 

and  officers'  stores  -  24,5 
masts,  riggiVig,   sails,  with  spare 

gear^  and  spare  sails         -  42,0 

742,0 
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ThefoUowififf  Table  shorn  the  DUptaeemeni^  in  7W,  of  Ship$ 

of  the  British  Navy,  conyoktely  jEtrmed,  dtor^d^  and  |iro- 
mumed^or  foreign  »erviee* 


Guot. 

Mo. 

1  LeogUi  on 

Breadth 

Dnm^  eTwator. 

ot"  kt-f Is     a  ^ 
below  1    K  S 
lower  '  i  2 

«4|t  oft  §'•9 

tewari. 

•Hit. 

» 

T — n 

It 

to. 

In. 

II. 

to. 

ft 

ft,  to. 

Three-decker 

•  •  •  • 

120 

305 

0 

54 

6 

I 

I 

a  3 

484a 

Tiro-dcoker 

84 

196 

S> 

6 

ts 

8 

M 

8 

«  J 

39»« 

#>  ♦* 

••  •  • 

80 

187 

5 

SO 

0 

it 

10 

«4 

t 

I  8 

3616 

f»  M 

76 

its 

0 

49 

at 

4 

>3 

d 

I  8 

|t4S 

•    »   «  • 

74 

17s 

6 

47 

8 

21 

4 

23 

6 

1  8 

2987 

00 

p 

9 

8 

■ 

i 

J* 

4 

<  9 

aaas 

•  •  •  • 

5o 

159 

2 

4' 

II 

17 

6 

18 

t« 

t  '# 

>» 

46 

154 

39 

6 

"7 

6 

0 

* 

I  3 

154a 

M 

•  •  f  • 

28 

119 

0 

33 

8 

8 

II 

I  7 

840 

>^ 

28 

113 

10 

3< 

8 

'4 

10 

A9 

»  7 

74a 

18 

113 

« 

!• 

$ 

4 

t4 

t  4 

18 

100 

0 

30 

6 

IS 

0 

14 

9 

»  3 

43» 

10 

0 

Id 

8 

ft 

5 

I  6 

a79 

67 

0 

H 

6 

8 

t 

la 

3 

1  1 

i«5 

S7 

i 

9 

4 

a 

19 

4 

f  1 

M 

103 

0 

IS 

.1 

• 

4 

1  f 

» 
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In  the  design  of  a  »hip,  reference  is  first  made  to  the  dis- 
placement of  a  ship  of  the  same  class  |  and  by  making  such 
alterations  as  the  difference  of  wdghts  in  the  new  ship  may  ie« 

quire,  the  value  of  its  displacement  will  be  determined. 

There  arc  immerous  methods  of  approxinuiting  to  the  dis- 
placement of  a  ship^  which  may  be  occasionally  useful,  such  as 
hy  multiplying  the  area  of  the  midship  section,  or  loadwatev 
section,  by  certain  fractions  of  the  length  or  breadth ;  or  by  muU 
tiplying  the  product  of  the  length,  breadth,  and  depth,  by  cer- 
tain co-efficieiits  j  the  fractions  and  co-efficients  being  in  all 
cases  dependent  on  the  fulness  of  the  different  classes  of  sliips.* 
In  the  design  of  a  ship,  however,  nothing  should  prevent  its  dis- 
placement being  calculated  in  the  manner  shown  in  this  paper. 


AaT»  IL— t^^mm^  ^  lAe  tnoiifMr     9hwmg  the  Spate  Top* 
muii  mid  other  J^fore  Gear  mlO-gm^Brigs.  By  Captain 

POLB,  R.N, 

r  (To  the  Editors  of  Pt^t  on  Naval  Architecture.) 

m 

Gbntlembm, 

Ttas  following  account  of  the  manner  of  stowing  the  spare 
top-mast  and  other  spare  gear  of  the  Falcon,  a  10-gun  brig,  is 
offered  for  insertion  in  your  *  Papers  on  Naval  Architecture.* 

FijB^re  4  represents  the  spare  top-mast  AB,  placed  upright 
on  the  fore  side  of  the  main-mast  CD,  resting  on  the  keelson  at 
B$  Fig.  5  represents  a  plan  of  the  main-mast  partners,  EE£i  re- 
present the  wedges  of  the  main-mast,  and  FFF  the  wedges 
which  confine  the  top-mast  in  its  partners* 

The  other  spare  spars  are  stowed  as  follows:  the  two  top- 
gaiiant-masts  up  and  down  abaft  the  fore-mast,  and  as  there  is 
no  try-sail-mast,  a  chock  is  htted  between  and  on  each  side  the 
top-gallant^mast,  to  take  the  jaws  of  the  gaff;  the  spare  top- 
sail-yard  is  stowed  outside  above  the  sills  of  the  ports^  and  one 
spare  jib-boom  and  top-gallant-yard  on  the  opposite  side;'  tlie 
other  spare  jib-boom  may  be  stowed  across  the  stern. 

The  advantages  of  this  method  of  stowing  the  spare  gear  in 

*  Simple  methodt  of  appcoxiiafttioa  of  different  oalcuiaUooi  wiU  bo  givea  iu 
ft  separate  articlo. 
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md  other  8pai^  Gear  In  Teii-gm  Brigi.  2S 

small  vessels,  I  consider  very  great.  The  top-mast  so  placed 
is  always  ready  for  going  aloft,  and  by  its  being  lashed  to  the 
lowermasty  it  becomes  a  fish  and  gives  support  to  it,  if  sprang 
or  wounded;  no  additional  top  weight  is  given  by  this  methodi, 
as  lihe  centre  of  gravity  of  the  top-mast  thus  stowed^  is  at  about 
the  same  height  as  it  would  be  if  stowed  on  the  gallows :  in 
larger  vessels,  the  top  weight  would  be  reduced,  as  the  depth  of 
the  hcjld  being  greater  in  proportion  to  the  length  of  the  mast, 
so  much  the  more  would  the  top-mast  be  proportionally  housed* 
By  the  deck  being  cleared  of  the  spars,  a  greater  circulation  of 
air  would  be  produced  down  the  hatchways.  It  gives  more 
room  on  deck  to  work  the  guns,  the  men  can  cross  the  deck 
before  the  fore  hatchway,  in  working  the  ship  or  in  action,  with- 
out inconvenience,  and  it  enables  the  cables  to  be  worked  with 
greater  ease. 

I  think.if  all  msels  stowed  their  spaisis  mMts  in  this  mmuiki 
it  would  be  found  very  advantageous,  » there  is  great  inconve-' 

nience  and  trouble,  attendant  with  some  degree  of  danger,  in 
casting  the  boats  and  booms  adrift  in  bad  weather,  should  it  be 
necessary  to  get  out  a  top-mast ;  besides  the  dilhculty  of  point-' 
bg  it.  In  &cty  I  would  go  furthery  I  would  stow  all  the  rough 
spaxa  in  the  same  mann^,  which  would  clear  the  deckS|  and 
ease  the  ship,  by  removing  a  gi  eat  weight,  which  must  distress  s 
ship's  upper  works,  so  as  tcj  brini^  it  on  the  keelson. 

The  beams  of  the  lO-guii  brigs  present  no  obstacle  to  this 
mode  of  stowing  the  masts,  as  the  Falcon  andEspoir  have  been 
fitted  in  this  manner  without  any  difficulty;  and  I  suppose,  if 
thought  desirable,  the  beams  of  frigates  might  be  so  disposed  as 
to  admit  of  it,  without  any  inconvenience. 

The  only  iraprovement  1  bee  necessary,  is  to  have  the  partners 
of  the  top-mast  a  little  further  before  the  lower-mast,  which 
have  been  so  htted  in  the  Kspoir,  that  the  wedges  which  con- 
fine the  top-mast,  may  be  independent  of  those  of  the  main* 
mast,  so  that  the  top-mast  may  be  got  aloft  without  disturbing 
the  wedges  of  the  lower-mast. 

I  have  only  further  to  observe,  that  1  believe  it  has  been  ge- 
nerally approved  of  here  j  ihe  only  objection  I  have  heard,  and 
that  only  by  those  who  had  not  seen  it,  was  as  to  its  appear- 
ance |  but  when  the.  top-mast:  is  of  the  same  colour  as  the 
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lowcr^maet)  it  is  scaroely  observed^  as  a  proof  of  which  I  have 
Won  uktd  by  many  who  came  cm  board)  wbdre  the  top -mask 
was  •towedf  bo  little  does  it  attract  the  eye. 

I  temain^  QcBtlemen^  yovts  Bto^ 

JoHH  Pbut. 

H.  v.  Ship  Mnidstoney 
Htmtn'i  Uu$»  June  ii,  1829. 


AftT.  Uh^A  TVmIim  mneeming  the  ime  Meihedt^  fin^^ 

ike  Proper  Area  of  the  SatU  for  Skips  of  the  lAne,  and 
thence  the  Length  of  tM  Matte  end  Yardes      Fred*  Hi, 

Tjix  £»lIowiPi  traoslatm  ef  a  tnatisa  on  the  detemhiation 
of  the  area  <tf  the  sails  of  shifts  of  the  line^  wikten  by  the  cele- 
brated naval  architect,  Admiral  Chapman,  was  first  published  in 
a  separate  pamphlet,  and  was  afterwards  published  in  the  old 
collection  of  ^  Papers  on  Naval  ArebiUretiire.'  The  usefuhiess  of 
thialittio  treatise,  and  the  gieat  scflreHy  of  e^es  of  are  th* 
iaducaments  to  its  vspiblieatioii  in  this  work. 

Jit/rod'tic/to»«— It  has  been  endeavoured  time  iminemorial  to 
find  the  true  proportion  of  masts  for  ships  ;  even  in  this  cen- 
tury,^ celebrated  ni  LLhematiciaus  have  written  most  elegantly  on 
this  subject  theoretically,  but  without  any  possibility  of  apply* 
ing  their  theory  to  practice,  and  consequently  without  any  ad* 
vantage  to  the  science*  The  number  of  masts  indeed  in  large 
and  small  vessels  has  been  determined,  also  their  position^  and 
division  into  top*masts  and  top-gallant-masts ;  and^  there  ie 
now  but  little  variation  in  the  form  and -relative  proportions  of 
the  sails ;  so  that  we  have  not  only  ships  of  the  line,  but  ships 
and  vessels  of  all  sorts,  arrived  almost  to  perfection  in  their 
rigging,  and  having  the  area  of  their  sails  in  the  best  pro- 
portion to  the  size  and  quality  of  the  vessel :  all  this  has 
been  done  by  practice  and  experience  aki^e,  sometimes  by 


\  WnttaasttisflaiifdMeightfiailientsrf. 
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chance,  and  sometimes  by  increaaiug  or  dimiaialiii^  tkt  length 
of  the  masit  and  yards  till  they  weie  of  a  pioper  ma^  witbout, ' 
the  least  assistance  of  theory* 

From  all  this  it  would  he  reasonable  to  suppose,  that  those 

vessels  which  have  such  well-proportioned  rigging,  ought  to 
serve  as  models  for  every  other  vessel  of  the  same  size.  i\ut  as 
vessels  of  the  same  dimensiooSf  nay^  even  of  the  same  fulness  of 
body  in  waterj  may  still  possess  Tery  different  qnalities^  not  only 
in  stabilify,  but  also  in  sailing ;  practice  alone  has  not  proied 
sufficient  to  determine  the  alteration  of  the  masts  and  yards  in 
such  a  manner,  that  the  momentum  of  the  sails  will  betoiiu' 
equally  suited  to  a  ship  of  other  qualities,  as  it  is  to  the  former. 
It  w^uld.  bestill  more  difficult,  if  sudi  ships  should  undergo 
any  fdfcrations  in  their  dimensionsj  or  were  to  carry  lighter  or 
hewder  gvns,  consequently  a  less  or  greater  number  of  men  to 
serve  the  guns,  or  to  carry  the  guns  higher  or  lower  above 
water,  &:c.  which  alterations  of  courbc  wouhl  recjuiic  altera- 
tions in  the  size  of  the  sails,  masts,  and  yards.  Tiiese  aitcra<" 
turns  can  be  known  only»  either  by  constantly  trying  egperi- 
aeots  at  a  gretA  expense^  and  with  randi  tess<if  or  by  a 
well-founded  theory*  It  is  the  latter  which  will  be  host  tfoated 
of  ;  but  only  so  much  of  it  as  applies  to  the  stability  of  the  ship, 
and  not  to  the  distribution  fore  and  aft,  which  occasions  the  well- 
sailing  of  the  ship«  This  last  circumstance  depends  on  sueh 
investigations  as  do  not  directly  belong  to  this  diseoiirse  $  which, 
bowerar,  does  not  make  any  alteration  in  the  art  a  of  the  sails, 
hat  only  in  the  position  of  the  masts^  which  cannot  djAr  mack 
from  what  is  customary. 

It  is  already  said,  that  the  theory  here  treated  of,  is  only  to 
determine  the  area  of  the  sails  in  proportion  to  the  stability  of 
the  ship.  A  ship  is  at  present  so  rigged,  and  the  sails  made  ta  • 
sach  a  manner,  that  their  vea  can  at  pleasure  be  augmented 
or  diminished,  according;  to  the  force  of  the  wind,  or  stability  of 
the  ship;  but  that  is  not  tlie  present  coii.sideration.  It  is  ne- 
cessary to  determine  a  certain  instance,  when  certain  sails  ought 
to  be  used,  in  a  determinate  strength  of  wind,  and  at  a  time 
when  the  well-sailing  and  staUlity  of  a  ship  of  the  line  are  of 
most  consequence  which  certainly  is^  when  a  ship  is  in  a  tine  of 
battle,  engaging  an  enemy. 
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The  quatlties  of  a  good  ship  of  the  line  on  such  an  occasion 

ought  therefore  to  be  determined,  namely,  tliat  she  sails  and 
steers  well,  works  well  through  the  wind,  and  when  to  wind« 
ward  of  the  enemy  in  a  top-sail  gale^  sailing  within  six  points 
of  the  wind^  carrying  three  top-sails^  three  top-gallant-^ls, 
^m-top-mast  stay-sail,  jib  or  mizen,  *  all  hands  at  their  quar- 
ters, the  men  at  the  guns,  and  small-arms  to  leeward,  and  every 
thing  properly  placed  as  usual,  ready  for  action,  that  the  ship 
at  this  instant  possesses  such  a  stability,  as  not  to  incline  more 
tlian  about  seven  degrees. 

These  are  the  circumstances  from  which  the  whole  area  of 
the  eight  sails  is  to  be  determined*   What  is  here  to  be  eon* 
sidered  when  the  "area  of  the  sails  is  to  be  determined,  is  the 
stability  of  the  ship.  Hiis  depends  on  two  causes ;  firsts  on  Ae 
power  of  the  wind  on  the  sails,  and  the  distance  of  this  power 
above  the  centre  of  gravity  of  the  ship  5  secondly,  on  the  weight 
of  the  men  at  the  guns  and  small-arms  to  leeward,  and  their 
common  centre  of  gravi^  from  the  middle  line  of  the  ship. 
-  The  momentum  of  the  men  from  the  middle  line  of  the  ship, 
together  with  the  momentum  of  the  stability  of  the  ship,  and 
the  number  of  degrees  the  ship  is  allowed  to  incline,  will  deter-' 
mine  the  momentum  of  the  sails;  whence  we  may  easily  con-* 
elude,  that  nothing  can  be  done  in  it,  without  knowing,  1.  The 
whole  quantity  immersed  to  the  outside  of  the  plank,  when  the 
ship  is  completely  armed  and  fitted  for  sea ;  2.  The  situation  of , 
the  centre  of  gravity  of  the  whole  ship,  when  all  the  weights* 
are  disposed  as  usual  at  the  time  of  an-enga.gement  'with  an 
enemy  ;  and,  3.  The  distance  from  the  load  water  line  to  the 
metareiuie.* 

The  first  and  last  circumstances  can  easily  be  known,  but  the 
second  is  more  difficult.  Jt  may  be  found  with  a  great  deal  of 
labour  by  calculation,  very  nearly  to  a  certainty;  but  the  best ' 


1  That  the  jib  instead  of  llie  mizen  is  used  iu  the  calculations,  is  becauae  the 
jib  is  souietiiing  larger,  and  has  its  centre  of  gravity  higher ;  so  that  there  is  more 
certainty  that  the  momfintim  of  the  other  saiLs  will  not  be  too  great.  Chapman. 

<  Chspmaa  iHMsmw  dia  mbility  of  «  ahip  in  this  tM«tiw,  m  wdl  m  ia  til 
hiM  other  woikt,  by  the  height  of  the  metacentio  above  the  oentre  of  gnvi^  of 
the  ship :  the  error  of  this  method  has  boen  shown  in  Ardde  X«  of  fba  first . 
▼dniBS  of  this  work* 


Digitized  by  Google 


and  Le^igih  qf  MmU  and  Ym^  IP 

method  is  to  find  the  centre  of  gravity  *  by  experiments^  as  re- 
lated in  the  New  Transactiom  of  Hue  Swedish  Academjf 
jScMiic«f J  first .  quarter  of  the  year  1787;  which  expcrimentH 
we  80  necessary  to  be  known  in  this  work,  tliat  they  are 
in  a  supplement  to  this  small  treatise.  % 

In  a  harbour  where  a  fleet  of  several  ships  of  the  line  are 
lying,  such  experiments  ought  to  Ije  made,  not  only  when  they 
are  completely  fitted  out  or  equipped,  but  when  they  are  un- 
armed I  not  only  when  they  are  entirely  new  and  quite  empty^ 
but  alftt  when  they  are  become  older,  in  order  to  find  the  centre 
of  gravity  of  the  hull  only*  The  same  ought  to  be  done  witli 
frigates  and  smaller  armed  vessels.  All  circumstances  in  these 
experiments  ought  to  be  exactly  notedj  and  preservied  as,  a,c«4- 
lection  of  very  useful  data.^_ 

Such  experimenu  as  are  bete  mentioned  or  refBOpmende^ 
ought  to  be  considered  as  entirely  mechanical;  as  not  der 
ngned  to  find  new  laws,  but  only  with  less  trouble  and  more 
exactness  to  find  the  position  of  the  centre  of  gravity^  iu  orcjcr 
to  avoid  a  more  tedious  and  long  calculation. 
.  lit  is  said  in  the  above-mentioned  transactions,  that  by.sucii 
expeiimenti  the  art  of  ship-building  will  advance  much  faster  to 
its  perfection  than  it  has  ever  yet  done. 

Tbe  following  treatise  is  divided  into  three  articles.  The  first 
is  physical^  depending  as  usual  on  hypotheses  or  suppositions, 
which  ought  to  be  admitted  as  truth  when  they  agree  witb 
experimental,  trials.  The  second  is  matbematicaly  grounded  on 


^  Serenl  methods*of  determining  the  ntaation  of  tht  ecmtra  of  grarity  of  a 
ship,  bare  been  given  by  different  authors :  Chapman  ^res  two  methoda  in  bia 
work  on  ships  of  the  line,  one  of  which  is  on  the  same  principle  as  that  given 
by  Mr.  Ahetholl  in  the  second  voluine  of  '  Papers  on  Naval  Architecture/  page 
51 ;  another  method  is  given  in  tliu  same  volume  of  this  work,  page  49,  by 
Mr.  Barton.  Mr.  M-ajor  lias  also  piven  a  method  of  finding  the  centre  of 
gravity  of  a  ship,  ia  the  Aimals  of  Philosophy,  No.  66,  page  411.  The  neces- 
sity of  detemining  thft  itfluAtim  of  ^  MBtM  of  gravity  «wi«r  dIAteiit  tw» 
cnflttCtoeetof  tU  cImms  of  English  ships,  for  the  unprovemont  of  their  design, 
csnu>t  bo  too  oflten  insistod  on. 

*  Bono  plteo  in  Iho  ship  riionld  be  fixod  on»  from  whieh  tho  oomnon  centre 
of  fimvi^  of  stt  tho  weights  ought  to  be  calculated  :  for  instance,  in  n  ship  of 
tho  lino,  tho  nppor  odgo  of  the  lowoc-doek  beams  eloso  to  tho  side,  opposite  to 
tho  main-mst*  Cbiyiiiwu 
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pure  mathematical  demonstrations;  and  the  thirdi  snows  the 
Application  of  the  whole. 

CM€fil».<*-Article  I.  1.  On  the  effect  of  the  aif^oF  wind 
agahiit  an  inelmed  plane. 

2.  When  a  ship  sails  within  six  pohite  of  the  wind,  to  fiad 
the  obliquity  of  the  sail  with  the  direction  of  the  wind,  so  that 
the  effect  w  hich  forces  the  ship  forward  may  be  a  maximum. 

3*  To  find  the  relative  force  of  the  wind,  which  occasions  the 
'•hip  to  heel,  or  incline  sideways. 

4.  The  absohtte  ibvee  of  the  wind  when  it  blows  laore  or 

less. 

5.  The  force  of  the  wind  on  the  sails,  when  they  are  braced 
within  three  }X)ints  of  the  wind's  true  direction. 

Art«]L  6.  Toiindthevalueof  the  momentuia of  the  power 
of  the  Mlli^  which  eauses  the  ship  to  ificliiie  albted  number  of 

7.  To  find  the  area  of  tlie  maiu-top-aail  and  mmn-top«gal- 
lant-sail. 

8.  To  find  their  common  centre  of  gravity. 

9.  Rttks  necessary  to  be  known  before  the  propotHoD  of  the 
eaili  belonging  to  tlie  other  masts  can  be  determined. 

10.  To  find  the  area  of  the  salts  belonging  to  llie  ^  and 

mizen  masts,  and  the  heigrht  of  the  common  centre  of  gravity  of 
the  sails  belonging  to  the  three  masts^  above  the  lower  edge  of 
the  main-top-sail. 

]  1.  To  ind  the  momentmn  of  all  the  d^t  sails  from  liie 
centre  of  gravity  of  the  ship,  and  also  the  momentum  of  the 
power  of  the  sails. 

Art.  III.  12.  To  find  the  momentum  of  the  stability  of  a 
ship  of  74  guns,  and  also  the  momentum  of  the  men  quartered 
to  leeward  at  the  guns  and  small-arms. 

13.  To  find  the  power  of  the  aails^  and  thence  the  breadth  of 
4lie  lower  edge  of  the  main^top»saiK 
-    14.  To  find  thence  the  proportion  of  all  the  sails. 
*  15.  To  find  the  length  of  the  masts  and  yards, 

16.  A  table  constructed  itom  Voq  calculatiou  of  the  area  of 
^sails. 

17*  Tof&nd  how  much  the  ship  will  incline  only  by  the  we^t 
of  the  men  at  the  guns  and  small-arms  to  leeward  $  and  Kow 
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iitiicb  she  will  InoUde  by  the  force  €l  the  wind  o&  the  saUi  only, 
without  the  men  being  to  leeward. 

IB.  When  «  Mp  is  beatiiig  off  a  k^alidra^  wkh  a  fnm  of 
sail  in  a  stUF  gale  of  wind»  to  ealeulate  hovT  nraeh  the  wi#ln<^ 

dine,  as  a  proof  that  the  area  oi  ilit  sails  is  well-proportioned 
to  the  stability  of  the  sliip. 

19.  To  detenuiue  the  area  of  the  sails  for  another  ship  of 
the  line  of  an  equal  siae  and  dimensloiiif  bat  of  less  stability, 

20.  When  there  k  a  properly  and  woH-figged  ship  of  the 
line,  the  area  of  whose  satb  bem  tiie  bast  propottion  to  her 
BtayJity^  how  to  find  a  rule  by  which  the  area  of  sails  for  all 
other  ships  of  the  line  may  acquire  the  same  proportiou  to  their 
stability. 

*  SVetiHie^^^U  I.  1.  When  a  quantity  of  air  strikes  or  im-* 
pinges  upon  a  plane  AB»  Pig^^y  inclined  to  DC,  feba  diiaatiaii 
af  the  wind  air,  e?ery  partiele  of  ur  does  not  stnke  diiaedy 
OD  the  plane^  but  the  whole  quantity  of  idr  bends  itself  and 

slides  along  the  plane,  and  by  its  pressure,  has  nearly  the  same 
effect  as  if  it  imuiediately  struck  the  plane  in  the  direction  DC: 
so  that  when  the  velocity  of  the  wind  increases,  the  pressure  on 
Uia  incfoied  plane  ia  also  inoreaaed*  Let»  therefore,  D  C  denolt 
tho  abeolule  fbiea  snd  direction  of  the  wind»  wbieh  aa  usual 
must  be  iesol?ed  into  two  otben^  D£  perpendieulor  to  BA,  and 
BC  parallel  to  the  plane;  whence  DE  is  that  power  wfneli 
presses  perpendicularly  against  the  plane.  Draw  EF  j^ei  pendi- 
cular  to  DC,  then  F£  is  the  lateral  force  which  acts  perpendi- 
cularly to  the  direction  ef  the  wind  DC,  which  ou|^t  to  be  mul* 
liipiied  Into  the  whole  ansa  of  the  plane,  and  not  into  ita  pro* 
jectioii. 

2.  To  find  by  projection  the  power  of  the  wind  ott  liie  saib 

in  different  positions,  as  well  that  which  makes  the  ship  incline 
as  that  which  forces  her  forward,  and  to  determine  in  which 
position  of  the  sails  this  last  will  be  a  maximum,  it  is  here  sup- 
posed, that  the  ship  sails  within  six  points  of  the  wind;  and  noona 
ought  to  presume  a  ship  of  ^e  line  can  lie  nearer  in  a  heavy  sea. 

Draw  the  line  BA,  Fig.  7,  which  represents  the  force  and 
direction  of  the  wind  fioui  B  to  A;  and  desciibe  on  it  a  semi- 
circle divided  into  eight  equal  parts,  1,  2,  3,  4,  5,  6,  7>  and  S. 
From  A«  through  the  sixth  division,  draw  the  line  A6C,  then 
AC  becomes  the  nuddle  Ime  or  aads  of  thaships  which  makea 
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an  augle  of  six  pomts,  or  67?  30i  with  the  direction  of  the 
wind. 

Vnm  A  jTraw  the  llaea  A 1,  A2,  AS^  A4,  mad  A5,  which 
•linft'iure  supposed  to  be  the  di£ferent  positions  of  the  sails, 

•/"^Draw  Bl,  B2,  B3,  lU,  and  B5;  then  these  lines  show  the 
angle  of  incidence  which  the  wind  makes  with  the  sails ;  and  as 
these  lines  B  1,  &c.  are  perpendicular  to  Al,  A2y  .dec. 
they  also  express  that  part  of  the  wind's  power  which  acts  on 
the  sails.  It  is  this  power  alone,  which  not  only  forces  the  ship 
forward,  but  also  makes  her  incline. 

Draw,  therefore,  the  line  B6,  which  is  the  sine  of  the  angle 
BAG,  or  the  angle  which  the  direction  of  the  wind  makes  with 
the  middle  line  of  the  ship  ^  draw  all  the  lines  ID,  2E,  3F,  4  G, 
and  5H,  parallel  to  AC  the  middle  line  of  the  ship  j  then  each 
of  these  l|ie8  represents  the  middle  line. 

Now  as  Bl,  B2,  &c.  express  the  power  which  moves  the 
ship  forward,  and  also  occasions  it  to  incline,  D  1,  £2,  F3,  G  4, 
and  H5,  express  the  power  which  moves  the  ship  forward,  and 
BD,  BE,  &c.  the  power  wliich  occasions  the  ship  to  incline,  or 
move  about  its  axis  or  middle  line  AC.  But  of  all  the  powers, 
D 1,  £2,  Fa,  G4,  and  U5,  which  move  the  ship  forward,  F£  is 
the  greatest,  which  happens  to  be  in  that  place  where  the  sail 
A3  cuts  the  angle  B  AC  into  two  equal  parts ;  which  position 
of  the  sail,  as  must  advantageous  for  forcing  the  ship  forward, 
will  here  be  admitted. 

3.  Produce  3  F,  which  will  meet  A  B  in  the  centre  of  the  circle ; 

_      • 

then  BF=haif  B6,  is  that  power  which  in  this  case  makes  the 
ship  incline,  or  turns  it  about  the  middle  line  or  axis,  as  half  the 
rine  of  the  angle  BAC ;  consequently,  if  the  absolute  power  of 

the  wind  B  A=  1,  then  B6,  the  sine  of  the  angle  B  AC  =  0,9239, 
and  the  half  of  B6,  or  BF  =  0,46I9  =  ^.» 

I  In  this  construction,  the  angle  of  tlie  direction  of  the  sail  with  the  middle 
lint  of  the  ship  is  33P  45',  which  is  much  greater  than  the  angle  which  the  most 
correct  theories  on  sails  determine  to  be  the  best  for  a  ship  sailing  close  to  the 
wind  ;  and  greater  than  the  angle  at  which  the  sails  are  set  by  practice  under 
these  circumstuiices,  by  the  most  experienced  sailors.  When  a  ship's  course  is 
six  poiuts  from  the  wind,  Euler  gives  the  angle  of  the  direction  of  the  wind 
with  the  sail  id",  and  the  angle  of  the  direction  of  the  sail  with  the  middle  line 
of  Hie  ehip  By  caleulating  froni  time  angles,  tiie  tneliniiig  fovee  of  tiie 
wind  IB  fonnd  to  be  0,4099,  instead  of  0,4619,  as  given  by  Chapinui,  lliis  sob- 
ject  xeqiiiTes  to  be  considered  in  connexion  vitli  the  sngle  of  leewty,  wbisb 
•ppeara  to  be  neglected  in  tbis-eoaetniictioa. 


Digitized  by  Google 


and  Length  oji  Masts  and  YardSm  38 

TTiis  method  of  determinms^  the  power  of  the  wind  on  the 
sails,  when  sailing  hy  the  wind,  is  not  exactly  true,  because  the 
sails  are  holiow  or  bent,  and  not  plane  surfaces,  as  i^ere  aup- 
i^osed  I  but  as  this,  together  with  what  n  treated  of  in  ecfetion 


'Af^j^^^KM^  #diwith'  practice  (from  calculations  made  on 
of^dllMNifa€  WhitNttes),  it  gives  a  very  good  proportion  for  the    ^rlk  , 
area  of  the  sails  iu  t.u!iij>arison  with  the  stability  of  the  ship,  ^l^f" 
when  the  ])rinciple  here  u&td  is  lollowed  in  its  whole  extent. 

4.  it  being  necessary  to  know  the  absolute  force  of  the  wind, 
Uowii%  more  or  less,  when  the  proportion  of  the  areas  of  the 
Hficfetermined,  the  following  ex]}eriment8  were  made. 
In  the  year  1779,  a  trial  was  made  with  a  new  (jO-gun  ship, 
when  such  an  anoinomclcr  wa.s  used  as  is  drsoribed  by  M.  Tjou- 
guer,  in  his  IraiU  du  Navire^  of  one  foot  square.  With  this 
iostnauent,  the  force  of  the  wind  was  measured  at^fferent 
times ;  and  after  several  consultations  with  all  the  oKers  oil 
l^SS^'ra      cHlnra       which  ought  to  he  given  to  the  differ- 

gales  which  blew  duiiiig  the  expedition,  tlit;  iol- 
lowiii;^  were  a!::reecl  on,  \     :  "  '  ' 

When  the  force  of  the  wind  was 

•'o  *         ld:)i'>  < 
lb.  lb. 

1  it  was  called  a  top-gallant-sail  wind  .  ,  1 , 1 4  =  v 
li   brisk  top-gallant-sail  wind  1,71  =v 

2   top-sail  wind    .    ,   •  «  2,29  « p 

2|   hrtsk  top-sail  wind  .   .   «  2,86  »  v 

3   reefed  top-sail  wind   •   •  3,4S  ss  tr 

4  .    .    .    ♦   ,   closc-vecfed  top-sail  wind  4,57  =  v 

5  •  •  •  •  ,  courses  or  lower-sail  wind  5,71  =  t? 
7  to  8  halfastorm  •  .   .   •  8  to  9  =  t? 

10  to  U  •  .  ,  ,  ,  M  storm   

It  was  not  from  the  behaviour  of  this  ship  that  the  force  of 
the  wind  rec«ved  these  characters,— -because  she  was  very  stiff, 
imd  could  carvy  her  top-gallant-saiis  very  well  when  others  were 
obliged  to  reef  their  top-sails;  but  the  officers  on  board, 

who  were  all  old,  experienced  seamen,  did,  witli  their  common 
deliberate  consent,  determine  the  characters  above-mentioned. 

Now,  as  the  Mind  acts  also  on  the  ship's  hull  and  rigging, 
VMtte  addition  ought  to  be  made  to  the  wind's  power  on  the 

VOL.  III.  i> 
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one-seventli  part  of  the  whole  power.  This  is  the  for 

the  addition  to  the  above-meutiuued  characters  of  the  wmd*s 
jpower,  and  for  tliis  greater  or  increased  power  being  stated  =«;. 

jl»  Npw^  84  the  {Miwier  pf  tlie  wiud  ou  a  plane  whose  a|-6a 
pile  fpot  square  ia-^v  Ib^  and  ^  cubic  foot  cf  «fi)t  Wl^er  is  ia 
^eights? 63 Ib^ file po|V(sr of  tbewMi4iaqa  m  araa^ 

fqaare^s  cabie  fpit  of  wa^j  «n4  this  ronltipHe^  ^  f  w 

sail pfonipfeo^siyimr^ when  it  tnakes^  aPflf^ of  tbea^ pm^ts 
with  the  wind's  true  djiectioii)  and  when  this  power  is  inaltiplied 

into  the  area  of  the  3ai|j      1)  it  gives  vvha^t  is  here  called  thf 
power  of  the  sails. 
^    Art.  \l,   6,  Tq      ^e  value  pf  thP  mpmentwn  of  the  powpf 
pf  ihe  aaib|  fp  give  a  ship  of  the  Una  a  deterniiii^d  ifidioatioii 
or  heeling. 

Suppose     Fig.  8,  to  be  the  centre     gravity  of  the  ship,  b 
the  metacentre,  c  the  centre  of  gra\  ity  of  the  weight  of  a  cer- 
tain number  of  men  at  any  height  above  the  centre  of  gravity, 
(see  the  Supplement,  page  59,)  and  d  the  centre  of  gravity  of 
the  sails  when  the  ship  is  upright.  -  * 

Prom  e  and  d  draw  lines  horizontally,  or  perpendicularly  to 
AiL   Let  the  men  at  e  he  removed  a  gfvefi  dfstscnce  e /,  and  at 
the  same  time  let  the  force  of  the  wind  act  on  the  sails  at 
always  perpendicular  to  the  mast,  or  middle  line  Kd of  the  ship. 

By  the  removal  of  die  men,  and  t^e  force  of  the  wind  on  the 
sails,  the  ship  is  caesed  to  revolve  round  an  axis  passing  through 
its  centre  of  gravity  A,  and  td[es  an  !ndinationy  so  that  b  comes 
to  B,  cto  C,  fi?  to  D,  and/ tp  P.  Through  B,  which  is  nowthe 
metacentre,  draw  a  vertical  line  BI,  then  the  w^r  acts  with  a 
force  that  is  equal  to  the  whole  weight  of  th^  ship  in  the  (Ucec** 
tion  IB,  tp  oppose  the  inclination  of  the  ship. 

Suppose  the  ship  is  tp  leceiye  a  de^rmmed  uaeUoatlmi  AO  | 
firomCdraw  CG  hopmntaUy^  and  from  F  draw  the  Ibe  FG  a^ 
right  angles  to  it,  or  vertically,  and  from  A  draw  A I  perpendi- 
eiOar^oBIar         Put  AB  =:a,  QF^sA,  AI?5=^  AI  ssa|^ 
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and  CG  =  ?/.    Let  the  whole  weight  of  the  ship,  or  iu  displace- 
mest  ;=  Q,y  the  weight  of  the  men  =  P,  and  the  power  of  the 
sails  ^  8  j  then  it  is  evident  that  the  ship  retaiof  the  mxm  to* 
dination,  or  is  at  rest,  when  yP-h^S=dpQ« 
liCt  the  angle  Afi the  iflcUnatiDn  of  the  ship  »  then 

=  and  y  =  "^^j^^  whence^?  Q=.__,  aody  P 

=  — ^ — •  Put  the  momentvm  of  the  power  of  the  sails 

zS  =  M,  then  M  =  ^^i^-^^~r^»  wW'h  » » 

expression  for  all  ships,  for  the  power  which  causes  tham  to 
incline ;  and  as  the  qnantittes  in  this  expression  are  known,  it 

will  not  be  difficult  to  find  the  absolute  momentum  of  the  power 
of  the  sails,  M.  It  is  this  that  was  proposed  to  be  found;  the 
manner  of  obtaining  from  this  momentum,  the  areas  of  tbeaails 
themselves  will  be  seen  in  the  billowing  sections. 

7*  Before  the  areas  of  the  main-top-sail  and  .main<4«yp-gal- 
lant-sail  can  be  fbnnd,  it  is  necessary  to  know  their  figures.  Let 
their  usual  hgures  be  assumed,  and  let  the  breadth  uf  tJie  lower 
edge  of  the  main-top-sail  be  tlie  standard  by  whi^  aii  propor- 
tions eonceining  the  sails  are  fonnedt 

Alt  the  breadth  of  the  main-top-sail 

below,  Fig.  9.  IK  as  w 

Its  hrwdth  above*  LM  m  m9  ^  OJB  m 

Its  depth  DF  ss  «#  «  0,72  » 

Breadth  of  top-galiauL-baii  above    .    NO  =s        =  0,54  a? 

Its  depth  PH  ss  S'sr  2=  0,44  * 

The  distance  between  ^ese  two  sails 
to  give  room  for  the  top^stf-yard 

and  sheet  block  WH  9  m»,  r  ^  0M22 

From  the  lower  edge  of  the  main- 

top-saii,  to  the  uppc^  ^dge  of  the 

miuu  tredtle- trees  D£  ^fnx^  f  ^  0.18 

From  the  upper  edge  of  main-top- 
aail  to  the  nppar  md  of  maln^ 

top*mast  FO«B  hM^  h  as  0.23 

D  2 
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S$,  MeiM  of  Mmg  the  4iita  qf  Skdk, 


Head  of  the  mam-mast  above  the 
trestle-tiees  =s  BQ  «  FG  « 

The  breadtli  of  the  lower  edge  of  the  maia-top-sail  being 
represented  by  se,  the  area  of  the  main-top'sad  =    ^  -«  » 

and  of  the  tpp-gallant-sail  =  5  whence  the  area  of 


both  Bails  together  is  «     2:±ti^L+ /JLt^  -  put  thi8=±c^j 

then  substituting  the  known  .quantities^  c«»  =  0,91384?^  ^  the 

area  of  the  niain-top-sail  and  main-top-gallant-sail  together, 

8.  The  expression  for  the  area  of  both  sails  for  the  main- 
mast being  known,  their  common  centre  of  gravity  must  also  be 
found*.  The  height  of  the  centre  of  gravity  of  the  main-top- 

B^l  from  its  lower  edge  A  «».  and  the  height  of  the 

centre  of  gravity  of  the  main-top-gallant-sail  from  its  lower 

« 

edge  3=  Of, q,  ^^"^^ ;  the  distance  between  the  main-top-sail 

and  top-gallant-sail  =s  rn^,  (§  7)  and  »^+9*n«is^.  n.  1+r  is 
equal  to  the  distance  from  the  lower  edge  of  the  main»top-sail  to 
ti^e  lower, edge  of  the  top-gallant-sail ;  , and 

  2jp+m      ^    S,  \+r  - p  +m 4-5^-  2 ^  +  m 

« 

ti^  the  height  of  the  centre  of  gravity  of  the  tpp-gallant'^ai! 
above  the  lower  edge  of  the  top*8aii;  whence 


2«*+l    1+m       ?2a-fr.3.0-fm+9*2ii-hin  m-^p 
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and  when  the  known  quantities  are  snbstituted,  ^  «    0^3 18« 
which  is  the  height  of  the  common  eenire  of  giavity  of  both 

the  sails  above  the  lower  edge  of  the  miunrtop*8fnK 

9.  It  is  necessarVj  before  the  area  of  the  sails  fur  the 
other  mastSy  and  situation  of  their  centre  of  gravity,  can  be 
known^  to  introduce  the  following  particulars,  which  also  very 
nearly  agree  with  common  practice.  The  head  of  the  fore- 
mast below  the  head  of  the  main-mast  f  the  head  of  the 
main-mast.  All  dimensions  belonging  to  the  sails  of  the  fore- 
mast =  0,9  tliose  belonging  to  the  main-mast;  and  those  be- 
longing to  the  mizen-mast  =  0,72  those  of  the  main-mast. 
The  head  of  the  mizen-niast  above  the  upper  edge  of  the  main 
trestle-trees  sa  0^091  the  length  of  the  head  of  the  main-mast. 
The  lower  edge  of  the  mizen  top-sail  below  the  upper  edge  of 
its  trestle-trees  s  0,688  the  length  of  the  head  of  the  mizen* 
mast.     From  \ye  have^ 

The  distance  from  up- 

*  per  edge  of  main- 

*  top-saii  to  the  head 

of  the  top-mast  -   «FG  =  An -0,23. 0,72,  #  =  0,1656* 

Length  of  the  head  of 
the  mun-mast  above 

the  upper  edge  of  the 

trestle-trees     -    -     EQ  =     =  0,23,  0,Z2,  a?  =  0,  i  6  jG 
From  thi  trestle-trees 
to  the  lower  edge  of 

inain-top-sail    -  .  s;  D£  s 0,1S.  0,72#    0,1 296  4? 
Head  of  fore-mast  be- 
low the  head  of  the 

main-niast    -    -    -    =  i  A/i  =  i- 0,23. 0,72  a;  =  0,0662  « 

Length  of  fore-mast 
head  -   •  -  -    sO,9A>»  =  0,9. 0,23. 0,72  a?s0,1494r 

th^  upper  side  of 
,  fore  trestijhtTees  t9;  .  ; 
the  lower  edge  of  the 

fore-top-sLiil    -     5,0,9/11  =  0,9.0,18.^^^ 
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W  Meikad  of  Jki^  t^,A^w  tf  Mis, 

FrDtH        ntiift-ttfM  . 

ttedtle-trees  to  the 

lower  edge  of  the 

TbilMctafdMiBisiWM'  x 
niaflil  tfbdte  lil^Milft- 

tnast  trestle-trees        =  0,09 1     =  0.  09 1 . 0,23.  0,72  ^  ai 

0,015107 

edge    of  th0 
tile    hMd    ^  fh* 

mtztn-tnaat   *  mz  0,1656 ^     0,1296 «  a*  0^W2« 

Lower  edge  of  the  fore- 
top- s  nil  }>elow  the 
head  of  the  main- 
mast -  -  -  -      s  0^06620 +0^149  #-|»iMia6iiM 

0,2952  X  «s  0^66    »r  the  4is- 

lance  the  lower  edge  of  the  fore-top-sail  is  beloWthe  l^wer  edge 

of  the  Biiain-tap-saU.  '-uMr^f': 

Lower  edge  of  mizen- 
top-sai]  below  the 
head  of  the  mizen- 

'''^<iMl^''^'  A -i       -     *w OiUJtta? 4^ 0,082 r«f 0^12* 

Head  of  Tiiizen-mast 
above  the  main  tres- 

tle^treeff  « 0^151  x 


0^1891 « 

From  the  main  trestle-trecB  to  the  lower  edge  of 

main-top-sail      -  0,1296 » 


>»*■  II  It 


=  distance  of  the  lower  edge  of  the  mi zeii- top-sail  bdow  the 
lower  edge  of  the  main- top-sail. 

To  help  the  imagination,  let  hg*  10  represent  a  usaal  Hg- 
ging  draught  of  a  ship  of  war,  whose  eight  sails,  beibte  mea^ 
tioned,  (see  the  introductidiij)  &re  shown  on  it.    ^Rie  centre 
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&(  gravitj  is  supposed  to  be  in  the  tine  AA,  B  the  upper 
d«tk  ^  and  when  the  lower  «nd  of  the  iniiin-tOp-fnasC  reach«» 
tiM  Hm  €C^  H9  ImA  ]«  eten  wKStt  the  vpper  edge  of  ^ 
vuki  tretnle^trcses  j  Ihe  hiwtf  edgie  ef  tfie  top-s«il  UuD, m4 

dite  coraitioti  eentre  of  the  fore-top-mast  stay-sail  and  jib,  at  T, 
10.  It  will  not  now  be  ditficult  to  find  the  area  and  centre  of 
gravity  of  the  sails  belonging  to  the  other  two  masts,  because 
Ofi\  car"  ss  the  area  of  both  aidfs  tvelongfin^  tb  the  foremtfat  ^ 
9fii.^^jSiM*a0  0,74tfl8.^;  and  oj2\  cj:^  =  the  area  of 
both  the  sails  belonging  to  all  the  mizen-mast  = 
0,5184.  0,91S8.  =  0,4737^';  whence  the  area  of  the  sails 
b4oii|jlii|^  to  all  the  three  maits  is  =  2,1277  ^* 

ite  oomnion  centre  of  gravity  of  the  fore-top-safl  and  fere- 
top-gallaiit-sail,  from  the  fewer  edge  of  the  fore-toji-sail  = 
0,9,  gx,  atid  the  common  centre  of  gravity  of  the  mizen-top- 
aail  and  top-galiaut-sail  from  the  lower  edge  of  the  mizen-top- 

From  thia,  and  what  haa  been  shown  at  the  end  of  §5)  we 
have  0,9.^  -0,03664  a?  =  the  height  of  the  eentre  of  gravitjr 

of  both  sails  belonging  to  the  fore-mast  above  the  lower  edge 

of  the  main-top-sail ;  and  0,72. g  —  0/)565.«  « the  height  of 
the  eenbe  of  grafity  of  both  aaib  belonging  to  the  misen* 
mast  abore  the  lower  edge  of  the  niaia«top-iail ;  from  which 


ff,  r  +  0,9.  fj     0,0366>  0,9'.  c  +  0^12, g  ~  0,05d& 
e  +  0,SP.  <f  4  A,72*.  e  ' 


>t  %.^|i^72^c        ,  _^/y.  +  0,9.^-0,(X^6(^.(\n^  ^ 
c  +  ^9-^.  c  +  0j2\  c    ^'       1  +  0^'  0,72' 

f,V  J  '    1  +  0,9*^  +  0,72^  ^ 

which  fs  th^  h#gh«  <ft  the  ooimHon  centiNr  of  ginvitf  of  lill  llr# 

sai..  belonging  to  tiic  three  masts,  above  the  lof\'er  edge  of  the 
main*top-sail,  siuce  the.  value  of  ail  Uie  knuwiyiuHiitities  b^Pre^ 
been  inserwi.^'-*-        '•■  . 

-  II,  Thna  ii6thhig  Maaina  in  order,  to  obtain  the  momentum* 
of  nli  the  fltfite  belonging  to  thtt  iihfi»  maiitii  bm  to  defermiiw 
the  a^taace  fnnvtbe  fmWi  of  gravity  of  the  Mp  to 
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40  MetJkod  of  finding  the  Ai^ea  of  SailSf 

edge  of  the  inaiir-top-sail ;  this  diBtaocc,  however,  etmnot  be 

taken  at  pleasure,  if  too  great,  then  the  top-sail  will  become 
too  small;  and  if  too  small,  then  the  top-sail  will  become  too 
long  in  proportion  to  the  mast ;  consequently  it  will  be  neces- 
sary to  findatqHsail  of  sach  a  depth,  that  the  top^mast^  which 
IS  to  carry  the  sail,  may  acquire  a  proportionable  lengftk  m 
comparison  with  the  height  of  the  mast  above  deck,  so  that  it 
may  be  conveniently  put  into  its  place  and  raised. 

Let,  therefore.  A,  fig.  9,  be  the  centre  of  gravity  of  the  ship^ 
B  the  upper  edge  of  the  upper  deck  amidships,  C  the  lower 
end  of  the  top^mast,  which  has  a  ^ven  distance,  BC,  above  the  - 
deck  when  lowered ;  and  the  length  of  the  top-mast  equal  to 
the  distance  from  C  to  the  upper  edge  of  the  main  trestle- 
trees  E  5  whence  the  length  of  the  top-mast  will  be  =  CE, 
and  =  EG,  when  aloft.  Then  the  distance  from  C,  the  lower 
end^of  the  main-top-mast,  when  struck,  to  the  lower  edge  of 
the  nain-top-sail  D,  is  »  CD  ^  DF  +  FG—  2  DE=  lur  + 
hn»  ^  2Jfw  =  0,78-  +  0,23. 0,72.  x  -  2. 0,18. 0,72.*  = 
0,6264.  X  =  CD. 

Consequently  the  distance  from  C  to  the  common  centre  of 
gravity  of  all  the  sails  belonging  to  the  three  masts  is  := 
0,6264 +  0,4548. 4r;  and  if  the  distance  from  the  centre  of 
gravity  A  to  C  be  put  =  if,  the  momentum  of  all  the  sails  from 
the  centre  of  gravity  of  tlie  ship  will  be  = 

d  +  0,6264.0,  ^  0,4548.0?.  2,1 277. But  this  is  not  the 
whole  momentum  of  the  sails  ;  there  still  remain  the  two  sails 
belonging  to  the  bowsprit. 

M  the  area  of  these  two  sails,  as  well  as  the  height  of  the 
centre  of  gravity  above  that  of  the  ship,  depend  very  much  on 
the  elevation  and  length  of  the  bowsprit,  these  circumstances 
ought  first  to  be  determined.  As  to  its  situation,  it  is  not 
liable  to  any  cliange;  and  when  its  elevatiou  is  about  25  de- 
grtcsy  it  seems  to  be  raised  sufficiently  out  of  the  water  in  a 
ketory  sea  when  the  ship  pstche%|  and  as  to  its  length,  or  rather 
tke  place  whe%these  two  sails  ought  to  be  fixed  to  the  bow- 
sprit,  the  following  supposition  will  answer  our  j)urpose  very 
well :  let  the  whole  length  of  the  ship  between  the  perpendi- 
culars of  the  stem  and  stern-post  =  /,  and  the  distance  from 
tfceeentnof  giavi^of  theahip  to  the  lyper  side  of  the 
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lrc«tle»tms  »  Ay  then  the  dntaiMe  frma  tho  peipcadi^uUr  of 

the  stem  along  the  bowsprit  to  the  txA  of  tiie  fofe^top-Mtt 

8tay*8aU  may  be  put  3=  .       ,  and  the  distance  from  the  same 

2^55  o 

a,  ♦ 

together,  will  agree  very,  well  with  praeticej  when  it  is  taken  ai 
one-sixth  part  of  the  six  sails  belonging  to  the  three  masts ;  and 

the  area  of  the  jib  is  to  the  area  of  the  fore-top-mast  stay-sail 
as  4  Co  3.    Their  commoa  centre  of  gravity  T,  fig*  10^  above 

CD 

will  be  very  nearly  the  distance  YYj^  =  0|56  x  j .  and  as  the 

2  1277 

sum  of  both  these  sails  together  is      — 'a?*  =  0^546 

their  momentum  from  the  centre  of  gravity  of  the  ship  will  be 
=  d  +  0,56  a?.  0,3546  ;  whence  the  niouieiituni  of  all  the 
eight  sails,  from  the  centre  of  gravity  A  of  the  ship^  will  be 

ssd-j-  0,6264.  «+0,4548.  <r.  2,1277.    +  2+^56x70,3546 


as  <l  +  l,0812ar.  2,1277     +  <2  4-  0,56  «.  0,3546z  S  which  is 

ss;  5r27r277a??  +  2,3.J?*  +  d.  0,3546     +  0,l986;p'  * 

8fi  d.  2,4623    +  2,4986       When  this  is  multiplied  into  the 

0  4619.  V 

power  of  the  wind'-^-gg*  '   (§  5,)  or  if  the  momentiim  of  the 

power  of  the  wind  M,  (§  G),  be  divided  by  this  power  of  the 

63  M 

wind,  we  have  d.  2,4823.     +  2,4986  a?»     Q^4g ^9" and  this 

is  a  general  expression  for  the  niomcntuiii  of  the  sails  fur  all 
ships  of  the  line  in  stronger  or  weaker  winds. 
-  Art.  111.  12*  To  apply  this  in  practice,  suppose  the  area  of 


1  Tbete  expreMiona  are  placed  aeparately,  the  first  being  the  momentum  of 
A  the  Mile  hdooging  to  die  thne  muto»  tad  the  eeeond  of  thoee  belonging  to 
thf  bowsprit,  in  ofdarthstt^et  eay  tune,  it  ahiNdd  be  fooadaecet^^  dier 
the Istter,  it mtj  beessUy  dons.  Ch^nsa* 
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Length  between  the  ptrpeudiculara  it  the  8tem  and 

Bteni-pcwt  •         .         «         .         B  lg4 

Breadth  moulded  -         -     ,    -         .     ss  49| 

Draoght  of  Wfttef  abaft        *         *         ^         sr  99 

Ditto       forward  -  -  -      =  20^ 

Height  of  ports  above  the  water  in  midships  =  6f 

Its  defence,  on  the  lower  deckj  »  28gunsy  36*pounders;  on 
the  upper  deck  30  24->ponnder8  $  and  on  the  quarter-deck  and 
fereeastte  10  12-poundet8«  Its  displacement^  to  the  outside  of 
the  planks,  when  armed,  ^Q=:  100500  cubic  feet^  Tho 
centre  of  gravity  of  the  whole  ship  abcn  e  the  water,  when  com- 
pletely armed,  and  ever}'  thing  placed  as  usual  in  an  engage- 
ment, and  all  hands  to  their  qtiarters  =s  2,1  feet.  The  dis- 
tance between  this  centre  and  the  metacentre^  =  4,22  feet  =  a. 
Itie  number  of  men  to  a  d6-pounder  as  l2,  to  a  24-pounder  d, 
and  to  a  i2-pounder  7«  The  whol^  number  of  men  at  the 
guns,  to  leeward  =  359,  and  to  the  small*  arms  on  the  gang- 
way and  poop  =  50  5  in  all  409.  If  the  weight  of  one  man  is 
=2  2,7  cubic  feet  of  salt  water,  then  the  weight  of  all  these  men 
is  =  2,7»  409  =  1 104  cubic  feet  =  P.  Suppose  their  common 
centre  of  gfravlty,  from  the  middle  linef  of  the  ship,  is  »  15 
fe^t  =*  d,  then  the  momentmn  of  tfaM  men,  itom  the  noddle 
line  of  the  ship,  is  -  1 104. 15  s  16560  »  ^P. 

Tfief  momeneum  of  the)  stthilky  of  the  ship  !#  1 00500. 4,22f 
=  424100  =  a  Q.  From  the  centre  of  gravity  of  the  ship  to 
the  upper  edge  of  the  upper  deck  at  the  main-mast  =t  Ah  =s 
=  10,5,  fig.  10. 

When  the  upper  end  of  the  top-mast  is  even  with  the  upper 
edge  of  the  tre8t]e<»trees^  the  lower  edge  of  the  fid  is  to  be,  ftam 
the  upper  deck,  a  distance  BC  =  5,7  feet^;  whence  the  dis« 


1  Tlie  distance  BC  37,  feet  is  for  this  purpose ;  that  when  the  top-mast  is 
fo  be  raised,  and  its  lower  end  stands  on  dd6k,  the  upper  end  lidaj  pass  the  dyc 
or  collar  of  the  star,  to  come  to  its  place.  This  distaace  ought  to  be  morf^  or 
]6ia,  according  to  the  size  of  the  ship  ;  but  for  three-decked  ships,  the  length 
of  the  main-top-m^st,  from  the  lower  edge  of  the  fid  to  the  top-end,  in  to  be 
eqnal  to  the  distdnce  betweeu  the  upper  deck  and  the  upper  edge  of  the  trestl«« 
trees.  Chapmaa.  '     '        -  . 
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top-mast  is  AC  =  10,5  +  5,7  =  16,2  feet  =  d. 

13.  To  fmd  tiienoe  Uie  momentum  of  the  powet  of  the 

sails,  M,  which  is  «  f^t-^fil  __CQ^.^.^P  ^.  g  V  ^  j^^j.^ 

rorf.  rod.       *  ' 

nation  of  the  ship  being  assumed  to  be  7  dei^rees. 

«=7?^tfQ±^424llO,and6Pa  16$6a 
Log.jMi.  7f   ^  990058945 
Log.  424110  ±^  5,6274683 


14,7133628 
Log.  rod.      =  10,000000a 

■*       1       r      .  - 

4,7133628  «&1686 

Ld«.M.7*  m  9^9967507 
Log.  165G0    »  4^190608 

—  • 

14,2158110 
Log.  rod*      =  10/>U00000 

4^158110  » 16437 

■ 

Momctttiiiff  of  thft  feroe  of  the  sails  M  ass  35248 

It  was  also  a  coR4UioB,  that  when  the  ship  should  incline  J 
dsgi«66»  it  was  to  bo  in  a  top««kilgalOttiiia«»  ($4); 

{?sss  16,2,  (§  12,)  the  genera]  expression  ($11)  win  become 
I692. 2,4823^  +  2,4986    s  59,56.35240,  or  40,213  + 

2,4986^3  ==2099371. 

The  greatest  difficulty  now  is  to  find  the  value  of  x.  See 
Simpson's  Algebra,  page  149.  Suppose  an  equation  m^^  + 
supers  W;  from  the  nature  of  the  equation,  by  a  few  trials, 
we  may  obtaiA  yery  nearly  the  true  value  of  or,  which  puC  = 

r,  and  let  r  +  4?  =     then  z  =:     ^  |         ;  when  this  value 
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of  added  to  that  of  we  have  the  value  6f  »  gBCcittitly 
exact. 

'  As  it  is  found,  by  trial,  that  90  is  near  the  true  value  of  a?, 
letr  =  90,  and  as  »  =  2,4986,  m  =40,213,  and  W  =  2099371, 

2090371  -  2,4986.90'  -  40,213. 90* 
then  z  as    — ^-  =  —  Wi71, 

3. 2,49iki.  90=  4-2.40,213.90  .V 

which,  when  added  to  90,  is  90  -  0,71  89,29  s  4r  as  to  the 
breadth  of  the  lower  edge  of  the  main-top-sail ;  hence  all  the 
sails,  masts,  and  yards,  are  to  take  tlieir  proportions.  The 
breadth,  below  and  above,  and  the  depth,  of  the  sails,  will  be 
first  found, 
14  Breadth  of  the  mun- 

top-sail  below      I K  =  a?       -      -       =  89,29 
Breadth  above  (§  7)  LM  =  mx    0,75. 89,29  =  66,967 
Depth      -      .    DF=:iu?  =  0;72. 89,29  =  64,289 
Main-top-gallant*sail, 

breadth  below  LM^fiur  -  *  =66,967 
Breadth  above  -  NO  =  jjx  =  0,64. 89,29  =  48,217 
Depth  -        PH  ==  q.v  =  0,44.  89,29  =  39,288 

The  dimensions  of  the  sails  Ijeloaging  to  the  fore-mast  =  0,9 
those  of  the  main-mast ;  whence 
Breadth  of  the  fore-top-sail  below  s  0,9. 89,29  s  80^1 
Breadth  above      -         •       as  0,9. 66,967  »  60^27 
Depth        ...       0,9.64,280  »57>B6 

Top-gallant-sail,  breadth  below      '     -  =  60,2/ 

Breadth  above  -  =  0,9. 48,217  =  43,395 

Depth  -  -  -  :» 01,9. 39,288.=s  35,^9 
The  dimensions  of  the  sails  belonging  to  tho  miaennnast  are 
=  0,72  those  of  the  main«mast;  whence  .  . 

Breadth  of  the  mizen  top-sail 

below         .         -        =  0,72. 89,29  =  64,289 
Breadth  above         -  -  =  0,72.  66,967  =  48,216 

Depth         -         -  8  0,72.64,289  s  46,288 

Top-gallan^  breadth  below  .  -  ^48,216 
Breadth  above         -  r=  0,72. 48,217  =  34,71 6 

Depth     -         -         -     =  0,72.39,288  =  28,287 
The  l>readth  of  the  sails,  added  to  the  u$ual  length  of  the  yard- 
arms,  gives  th»  length  of  the  yards. 
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15.  It  now  remains  to  find  the  Length  of  the  lower-mtftta 

aiid  Lop-masts,  from  the  breadth  below  of  the  miuft-top-MiiL 

To  find  the  Length  of  the  Main-Mast. 

Flrom  the  upper  vater-Hiie  to  die  ship's  centre  of 

grsvityA,(§12,)fig.9 

From  the  centre  of 
gravity  A  to  the 

top-mast  ftd      -  =  AC  •  - 

From  C  to  the  lower 
edg^  of  the  top- 
sail D      -       »  CDs 0,6264.89,29, (§11,) 

From  D  to  E,  or  up- 
per edge  of  the 

trestle-trees       =  DE  =  0,1296. 89,29,  (§  9,) 
Length  of  the  head 
above  the  trestle* 

trees      -      -  »  EQ  »  0,1656.89,29,  (§9) 

The  length  of  the  mast  above  the  water-line 

From  the  water-line  to  the  keelson 

The  whole  length  of  the  main-maat      •         *    =  116,34 
The  length  of  the  main- 
top-mast -from  the 

lower  edgeofthefidsCD+IHIs  55^  +  UfiJsLO/fi 

Length  of  the  top-gal- 
lant-mast from  the 
hd  to  the  upper  part 

of  the  hounds  a  FH  (§  7)  +  HF  -  i  FG  +  4^ 

(4,5  being  the  distance 
from  the  top*gallant- 
sailtothe  upper  part  of 

the  hounds)  which  is  =  2,07  +  39,288  -  7,39  +  4,5  3:3^460' 

Head  of  the  fore-mast  below 

the  head  of  the  maiu-mast  -    as   j.  14,79  =  5,91 

Length  of  the  head  of  the  fore- 
mast        -         -         -  0,9. 14,79  13,31 

Length  of  the  fore^top-mast  -  »  0,9,|7A  «  60,7ft- 


«  3,1 

»  16,2 
s  55,93 
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Umgth  ai  (be  tap^pdHwi^ 

TiMMt  10 iht rigging  *  -  mOfii.m^^^^ 
Miaen-mut-head,  below  the 

head  of  the  mam^maet  14^9  ^  1^  (^9)  =  13^4 

Length  of  the  head  of  the 

mizen  iiiast  .  •  ^  10^^ 

If  the  lower  edge  of  the  mizen- 
top-sail  should  be,  in  pro- 
portion, as  much  below  the 
tmtle-treet  as  the  other 
top*«ul8  below  theirs,  it 

should  be  -         *  -  ^  =  8^ 

But  this  distance  is  to  be         5=  10,05  (§  9)  ^  7j33 

And,  consequently,  comes 
higher  Uian  in  that  pro- 

portion      ^         ^         -         m         '      m  Ifi 
Whence  the  length  of  the 

mizen-top-mast  will  be  =  0,72. 67,5  =  48,6  +  1/)  =c  49,|6 
lieiigth  of  the  top'gallant- 

mast  to  the  rigging  =  0,72. 38,47  -  =  27,7 
From  thfi  water-Hue  to 

tho  hMd  of  the  foie- 

mut  '  -  »  100,59-5,91  -  9^66 
From  Jthe  water-line  to 

the  head  of  the  mizen- 

inast       -       -       -  =  100,59  -  13,4       -      =  87,19 

When  to  ihi#  i«  Added  the  ^ittaaee  firom  tha  water4iae  to 
the  keelson,  we  have  the  whole  length  of  those  maati. 

When  the  places  for  the  tacks  of  the  foi»«top«UMl  stay- 
sail and  the  jib  are  known,  the  length  of  Che  bowsprit  and 
jib-boom  will  be  easily  deleriniued,  when  such  lengths  are 
added  thereto  as  are  found  necessary  for  the  sake  of  rigging* 

From  the  perpendicular  of  the  stem  along  the  bowsprit  to 

tiM  tBsk  pf  the  fose^top-mast  stay-aail  m         (|  U)  s 

184.83,7V     124,1      .oeo       J       I.    .  1     ^  u 
"2^555^  =5  gj5§g=  ^S**^^ i  and  to  the  tack  of  the  jib  = 

Ih-  121d;^84  42 
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FrHui|M  flometiiing  ovgjht  to  lie  menfioiied  concmnig  the 
headiof  tep-^allant-inwto^  thejmBy^howefcrylwmedeatdla- 
eretion*   If  top-galUnt  nyalw  are  to  be  used,  tlie  poyel-masts 

must  be  in  proportion  to  the  depth  of  the  sails.  The  length  of 
each  of  the  top-sail  yard-anns  ought  not  to  be  less  than  ^  part 
of  tbe  breadth  of  the  head  of  the  sai)^  for  ttie  take  of  the  last 
reef.  And  wiien  the  length  of  tiie  yard-arms  of  the  lower 
yard»  li  part  of  tlie  breadth  of  the  top-apH  atthe  foot  rope, 
the  total  length  of  the  top-«ill<<7ii4  Sa  ip  propoidoti  to  the  total 
length  of  the  yard,  as  S5  to  44.  The  length  of  each  of  the 
top -gallant  yard-arm^^  is  ^  part  of  the  breadth  of  the  sail  at 
the  head-rope. 

As  to  the  lengUi  of  the  mizeo  and  sprit-sail-yardsy  every  one 
IcnowB  what  proportion  to  ^ve  thenit  Thm,  I  pramiaj  every 
thing  is  h^re  eaid  fhat  is  necessary  to  be  known  In  finding  the 
lenglhof  the  masts  and  yards  for  chips  af  the  Ium;  which  it 

was  the  object  of  this  treatise  to  determine. 

16,  To  be  convinced  of  the  justness  of  these  calculations, 
make  a  rigging  draught,  as  Fig.  iO,  of  the  size  necessary,  with 
all  the  sails  aod  their  centres  of  gravity  ;  and  construct  the  fol- 
lowing table,  either  from  this  draught,  or  directly  hem  the  cal- 
culations themselves ;  then  it  wiH  W  found,  that  the  area  of  the 
sails  and  liieir  momeptnm  agree  eicaotly  with  the  rales  given, 
and  the  momentum  of  the  power  of  tlie  sails  is  as  it  ought  to 
be  when  the  ehip,  in  a  top*sail  gale,  is  aiipwed  to  incline  7 
degrees*  ^ 

*  In  lliese  calculations  tiie  vulue  of  jc,  with  ali  its  dt-'ciinuls,  Iia.s  been  nspd 
onlj  t«  si^w  tlic  exactnet>3  of  the  cacthod  ;  but  this  ruLetv  i:s  not  n t« t ^' afcury  in 
practiciB.   Tiie  deeixoals,  wliea       than  a  hait,  ma^  be  omitted.  Ciiapmaa. 
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17.  It  has  been  constantly  supposed  in  the  calculations,  that 
whea  the  ship  is  sailing  on  a  wind,  the  men  at  the  stnaU-acm 
have  been  to  leeward ;  but  it  will  be  useful  to  know  how  much 
the  ship  will  incline  by  each  of  these  powers  separately. 

It  will  be  easily  known  how  nivch  the  ship  inclines  by  the 
men  only,  if  we  refer  to  §  6,  where  it  i^i  found^  that  M  = 

— rise —  — rod —  *  ^     **  ^ 

<|ae$tiion,  M  becomes  s  0,  and  we  then  have  tku  «•  a  Q  a 

€0».9.b?i  «othat?^  =  ^,  or  hg.u^-^hg.b  V ^hg. 

cos,  8  —  log,  sin,  s,  whence  the  sine  of  the  angle  5=2?  14  C  ; 
which  is  the  inclination  caused  by  the  men  to  leeward  only  | 
and  when  this  is  subtracted  from  7%  the  whole  inclination, 
there  remains  4?  46^  for  the  inclination  of  the  ship  by  the  sails 
iHily.  All  circumstances  concerning  the  wind  and  sails,  are 
supposed  the  same  as  they  have  been  admitted  from  the  begin- 
ning of  this  treatise. 

18.  It  is  observed  in  the  introduction,  that  it  is  necessary  to 
determine  a  certain  instance^  when  certain  sails  ought  to  be 
iised^  in  a  determinate  strength  of  wind^  and  at  a  time  when 
the  well-sailing  and  stability  of  a  ship  of  the  line  are  of  most 
consequence,  as  a  foundation  to  make  the  area  of  the  sails 
and  its  momentum  in  proportion  to- the  stability  of  the  ship 
and  that  this  ought  to  be  at  a  time  when  the  ship  is  in  action 
with  an  enemy  in  a  line  of  battle,  &c. 

Bnt  adopt  ^another  circumstance,  and  it  will  be  found  that 
this  theory  will  nevertheless  be  equally  applicable.  For  in- 
stance, suppose  this  ship  is  obliged  with  its  sails  to  work  off  a 
lee-shore,  in  a  close-reefed  top-sail  gale,  with  two  reefs  in  the 
main  and  fore  top-sails,  and  one  in  the  mizen  top-sail,  *  the 
main  and  fore-sailj  mizen^  the  main  and  roizen  stay-sails,  the 
main  and  fore  top-mast  stay- sails,  and  the  jib  on  the  jib- 
boom  ;  suppose  the  power  of  the  wind  to  be  s  4  lb.  (§4),  then 


^  Tto  mtin  nd  fots  top-saib  tn  nq^posed  to  hkrt  four  vwfs,  of  whkik  tho 
steiitd,t«k«iiip  f  ottk«.dcff(aii  sad  the  nifleat^HNDl  oglf  two  resbt  CbapinaB« 

VOL.  Ill,  B 
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Method  of  jmdmg  the  j^€a  <^  ^It, 

we  liavc  V  =s  4,57  ^^-i  which  is  to  be  iwed  in  the  expression  in 
§  6  >  but  as  the  men  are  uot  to  ieew«urd>  because  no  engage*- 

ment  it  now  atippoMd^  put  ^  o,  and  M  «  — rod 

whence  the  9m.  9.  =  -  '        and  calculating  as  before^  |t 

a  U 

will  be  found  that  the  ship  will  incline  7*  41'  at  a  mean, 
which  by  common  experience  is  certainly  not  too  much.  And 
this  is  an  evidence  that  the  area  of  the  aaiis  has  a  proper  pro- 
portion to  the  stability  of  the  ship* 

19.  It  is  said  in  the  introduction^  that  vessels  of  the  same 
Qtmensions,  and  even  of  th«  same  (irfness  of  hodjr  \ti  Watery 
may  still  possess  very  clitFereut  qualities,  not  only  in  stability,  but 
also  in  sailing ;  therefore,  practice  alone  is  not  sufficient  to 
determine  the  alteration  of  masts  and  yards,  in  such  a  man-* 
ner  that  the  momentum  of  the  sails  will  become  equally  sei^ 
^ceable  to  a  ship  of  other  qualities^  as  it  is  to  the  first  men- 
tioned. These  circumstances  will  be  explained  more  exactly 
by  the  following  instance.  Suppose  a  different  ship  of  74  guns 
from  that  in  which  the  area  of  the  sails  is  already  found ;  of 
the  same  dimensions  as  the  former^  and  with  the  same  dis- 
placement, and  not  only  the  midship  frame,  but  even  every  cor^ 
responding  section  or  frame  of  equal  area  with  those  of  the 
former;  the  same  quantity  of  bdlast,  weight  of  gnns^  and 
number  of  men|  the  same  height  of  ports  above  water,  anif 
armed  in  the  same  manner,  Src;  but  that  the  body  In' 
water  has  a  dilferent  form  (yet  not  unusual)  ;  so  that  the  dis- 
tance between  the  centre  of  gravity  of  the  ship  and  the  nieta- 
centre,  is  about  oiie-hfth  less  than  in  the  former  ship,  which  was 
4,22  feet  (§  12)  :  the  distance,  therefore,  between  the  centre 
of  gravity  and  metacentre,  in  this  ship  «  4,22  —  0,84  as  Bfl^ 
feet  (which  difference  and  more  is  not  unusual  in  ships  of  thfo 
magnitude) ;  to  which  the  area  of  the  sails  is  to  be  found,  so 
that  with  the  same  strength  of  wind,  this  ship  shall  not  incline 
more  than  the  former,  viz.  7  degrees. 

The  momentum  of  the  ability  oi  this  ship  will  then  be  ' 
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leeward,  *  P,  will  be  the  sanie  as  before  =  16560.  If  the  md* 
mentum  of  the  power  of  the  sails  is  put  =  M,  then  we  have 

M  =      ^«  g  Q    COS.    ^  P  g\ 
rad.  rod.        ^  * 

Log,m.7?  =  9,0858945 
Log.  339690  =  5,5300828 


ft. 


.  ^    ■  r  I 

m 

Log.  rad. 


Log.  CO*.  7° 
Log.  16560 


Log.  rad. 


.  14,6159773 
=  10,0000000 

4,6159773  =  41303 

=  9,9967507 
=  4,2190603 


A 


14,2158110 
=  10,0000000 


I' 


4,2158110  =  16434 


Momentum  of  the  power  of  the  sails  M  =  24869  '  • 
which  divided  by  ■   ^  ■  (§  5)  becomes  equal  to  1481198.  J  f-t 

When  the  same  expression  is  used  as  as  in  §  11,  we  have 
40,213.  a?*  +  2,4986  =  1481198;  and  when  the  value  of  r 
is  found  in  the  same  manner  as  in  §  13,  it  will  be  found  that  x 
=  79,0,  which  is  the  breadth  of  the  lower  edge  of  the  main 
top-sail. 

The  breadth  of  the  lower  edge  of  the  main  top-sail  in  the 
former  ship  was  =  82,29  ;  whence  the  breadth  of  the  lower 
edge  of  the  main  top-sail  in  this  ship  is  10,29  feet  less.  .  > 
By  calculating  as  in  §  15,  the  length  of  the  masts  and  yards 
will  be  found  5  but  for  the  present,  the  lengths  may  be  found  in 
the  following  manner : 

The  length  of  the  variable  part  of  the  main -mast  belonging 
to  the  former  ship  is  CD  =  55,93 

DB  =  11,57 
EQ  =  14,79 

■     III  ... 

82,29 
B  2 


^2  MeUtod.qf  jfi^^dkiffthe,  Area  qf  Smli, 

and  this  will  l)e  in  proportion  to  the  variable  part  in  the  last  sbijp^ 
aa  the  breadths  of  the  sails  are  to  one  another^  that  is^  ^ 

89,29  ;  79,0 : :  82,29  ;  72, 8. 

The  inwiable  part  of  the  roast  is  =  AC  •  •  •  ,  s  16,20 
From  the  water-line  to  the  centre  of  gravity  •   .   •  s  2,10 

From  the  water- line  tu  the  keelhon  =  15,75 

34,05 

To  which  add  the  variable  part  •  s  72,80 

The  whole  length  of  the  mast  will  be  =  106,85 

And  the  whole  length  of  the  mast  of  the  former  ship  ss  116,34 
Hie  main-mast  of  this  ship  is  then  »  9,49  feet-  shorter  than 

the  main -mast  of  tlie  former  ship  ;  but  the  area  of  the  sails  of 

the  former  ship  is  to  the  area  of  the  sails  of  this,  as  89,29)^  to 

79J^f  which  is  as  7973  to  6241,  or  as  100  to  78,27;  and  as 
the  area  of  the  suls  is  in  proportion  to  their  stabilities,  their 

inclination,  when  they  sail  on  a  wind,  will  be  the  same ;  and  as 
it  ought  to  be  supposed  that  they  make  an  e({ual  resistance 
against  the  water,  because  the  areas  of  their  midship  frames,  &c. 
are  equal,  then  the  iirst  ship,  having  a  greater  area  of  sdls,  will 
sail  faster  thsii, the  .lasts'  whence  it  follows,  that  if  thie.roasu 
and  yards  of  these  two  ships  had  been  proportioned- by  the  com* 
mm  mles,;eitlie^t]|e  former  would  have  had  too  small,  or  the 
latter  too. large  masts  and  yards  j  wherefore,  wc  inav  conclude, 
that  l)y  practice  alone,  the  true  proportion  of  mast^  and  yards 
ibr  ships  of  the  line  cannot  be  found. 

20.  It  is  said  in  the  introduction,  that  there  are  ships  of  the 
line,  atrived  alinqst  to  . perfection  in  their  rigging,  and  which 
lunfe  their  area  .of  s^ls  ui  the  best  proportion  po  the  size  ami 
quality  of  the  vessel.  It  may  also  be  inferred  firom  the  same 
observations,  that  it  was  for  want  of  theory,  that  such  ships 
«ould  not.  sen'e  .as  modeis  for  o(her^  ships..  But  now  since  a 


>.If  Om  moflMiiliiiii^if  lilM  taiUr  «r  tfaii  ibip  M-  beeathA  nau  m  is  dis 
Ibmer,  £bm  its  inelination  hj  the  tails  only  wonM  bsTS  bsen  m  5*,4i^«  asd  bjr 
the  men  only, »     48' j  and  bj  both  these  powers  together  s  8<*  S4fm   Or  if 

the  ship  was  to  have  the  same  rigging  and  sails  as  the  former,  but  the  main  and 
fore  top-gallant-sails  shortened,  then  its  inclination  b^  the  sails  only,  would 
h%VQ  been  =  4°  1 2',  and  by  the  men  onlj",  s  2*^  48'  j  and  bj  both  thess  powers 
together,  a  7  degreei,  Chtpmaiu 
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theory  is  found,  by  which  all  ships  of  the  line  may  attain  a  pro- 
portionable riggings  or  area  of  sails,  the  surest  method  will  be, 
when  we  have  a  ship  of  the  line  that  is  well-rigged,  and  that 
has- its  area  of  sails  in  a  good  or  approved  proportion  to  ita 
-  MMlity,  i)»  le^tthat  ship  serre  as  a  model/and  to  make  experi- 
nmts  with-it  inrlhe  following  manner :  whence  such  rules  may 
be  foiiod,  that  all  other  ships  of  the  line  arquirp  as  good  a 
proportion  of  sails  to  their  stability  as  the  model  itself. 
akliyMalMjyi^aship  is  completely  armed  and  victualled  for  five  or 

*  uiM jpijiihljiiidhelbfe  it  goes  to  sea^  itought  to  be  provid^d  wilh 
aiCfMiMCMiibiir  or  five  feet  radius^  marked  with  degriees  and 
itMilMtcsj '  ^eed  in  such  a  manner  that  it  stands  perpendicularly 
wlicn  tlie  ship  has  no  inclination.   Wiieii  the  ?^liip  has  been  at  sea 

'  about  a  month  or  bix.  weeks,  and  it  happens  that  there  is  a  top-sail 
gate  witii  a  smooth  sea,  it  must  be  ordered  to  clear  ship,  and -to 
'  hifi^ittosli  Ihtogt  placed  in  the  same  manner  as  in  an  engage- 

•  naB^%Hk>te  «aemy,  all  ports  open,  and  guns  out;  then  haul 
the  wind,  trim  all  sharp,  and  the  sails  six  points  near  the  wind, 
place  tlic  men  regularly*  at  the  c^tnis  to  lcc\varfl,  and  at  the 
small-arms  on  the  gangway  or  poop ;  ad  the  rest  of  the  men 
hnlna  jMpBOd  as  usual  in  an  action,  but  in  such  a  manner  that 
ttidjjWbypMRtieeasion  the  ship  to  incline  more  or  less*  Afid,  in 
ord(Kr  tii#W  rule  which  is  sought  may  be  made  general  for  all 
ships  of  the  line,  no  other  sails  should  be  used  than  the*  three 
top-sails  and  top-gallaiit-salls,  and  the  fore  top-mast  stay-sail 
and^j^ikb,  if  you  please ;  then  observe  exactly  the  number  of 
d|aiB|^llie  -shi]^  inclines,  which  put  ss  s.  When  this  is 
diw^Hpp^ip  should  run  into  harbour,  before  too  much 
of       fAfe^dn  and  water  is  consumed,  so  that  the  situa- 

'  tiou  of  the  centre  of  gravity  of  the  ship  may  not  be  changed  ; 

^  It  IS  Raid  re;^xdarlt( ,  bcriuist'  of  aitcrward^  iiodiug  tlu'  cnnnaon  centre  of 
|fft»vity  of  all  tlicbe  mtu  from  Llie  iiiiddle  line  of  the  ship.  Chii^iiaun. 
'1^^^^^  reason  tiiat  onlj  the  top-sails  and  top-gallant-sails,  and  not  tLo  courses, 

^acfterimexit,  is  this ;  that  tbree-dMk  afaip*  ndLttiftr  Mn  nor 
fs^tflip  kfWWMoils,  in  proportbn  to  their  top-suls,  m  t«ro>deek 
lli«ia.be  aecMNry  to  coatrire  two  different  roles,  the  one  for 
^&d  fik«  other  Ibr  tluee-declc  ahips,  which  ought  and  can  he 
avoided,  t>ecaa8e  these  sails  are  noi  dwiija  iiaed  when  the  ship  ia  in  aotion,<H»& 
kisTlwiUliijNiii  liiil.'  Chapasib 
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and  as  she  lies  at  anchor  in  smooth  watCf ,  oHtr  tiht  txpcnintllt 

of  inclining  the  ship  to  be  made,  as  described  in  the  Supple- 
menty  in  order  to  6nci  the  aituatiun  of  th^  centre  oi  gravity  of 
die  ship. 

All  mighti  mutt  hk  plaeeil  in  the  eame  misnwr  wiw  ae  tiMsr 
vete  when  the  expertmetit  wee  me^  at  lea,  lo  that  the  eeaftie 

of  gravity  may  he  at  the  same  height  now  at  it  vmm  then. 

Siace  the  centre  of  gravity  is  found  by  this  last  experiment| 
and  the  distance  between  this  ceiUre  and  the  metacentre  is  also 
found  by  means  of  the  draught  of  the  ship,  and  when  a  riggiQf 
ibmoght  i»  Ibmed,  ivhere  all  the  aaik  that  weee  used  in  tiw  ex* 
peffiment  are  drawn  in  their  proper  feraiy  aiaey  and  plaeoy  then 
their  area  and  centre  of  gravity  will  he  known  |  and  thenee 
their  momtntnm  from  the  oentie  of  ynnity  off-  the  ahip  rami  he 
Ibund,  and  put  —  A. 

The  nioiiientum  of  the  power  of  the  sails  will  be  found  in  the 
same  manner  as  in  §  13,  where  all  the  quantities  e,  by  P,  and 
signify  the  same,  ht(t  their  value  i»  to  be  taken  from  this  afaip» 
When  the  operation  is  performed  In  the  same  manner,  the  Bi»f 
mentum  of  the  power  of  ti|e  saHs,  M,  will  be  known. 

'  ^  the  cQ-ef!icient  of  M  la  put  ae  jf ,  then  ^"^V^  whioh  witt  faf 

a  constant  co-efficient  for  the  momentum  of  the  power  of  the 
sails,  M,  for  all  shijfis  of  the  line,  as  well  ^r  those  of  two  4^c^^ 
4^  of  thf  deck^ 

Hence  we  havf  by  experience  the  real  value  of  - — ^  ^  5  and 

511. 

Although  the  proportion  and  form  of  the  sails  belonging  to 
the  ship,  which  was  used  as  a  model,  may  be  different  from 
those  given  in  this  treatise,  the  same  algebraical  expressions 
likust  be  used  ;  hot  the  numerical  vahie  of  the  expressions  must 
be  conformable  to  the  value  which  the  proportion  of  the  saHtf 
belonging  to  this  ship  gives.  When  the  calculation  is  made 
exactly  as  before,  it  will  give  a  general  expression  to  be  used 
for  all  ships  of  the  line,  as  in  §  13,  where  the  breadth  of  the 
'Uy^^  edge  of  the  main- top-sail,  will  be  found.  -  \ 

Thus  we  have  a  complete  theory,  whkth  ia  to  he  depended  on. 
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gvraiiM  on  hypotbatM^  but  on  toU^miIiIvmI  exptrimento  «iid 

^  praetiee. 

Bat  all  this  should  be  managed  with  judgment.  For  en- 
ample,  suppose  tiie  area  of  the  saiU  U  to  be  determined  for  a 
«hip  de&ci€nt  in  stability,  then  allowaoM  ought  lo  be  madt^ 
lh»t  k»  inslioalioii^  wbea  ia  Mtioo,  may  be  aboat  one  or  one 
ifiAliluilf  4f9f«0  nioie  than  wee  determined  by  the  nde^  aoeoid* 
iig'tn  oiyimttaneee ;  anci  we  ahould  be  satisfied  with  lets  8tft-> 
bilily,  rather  than  lose  too  much  velocity. 

Conclusion*^ At  length  we  have  ohtained  u  theory  by  whicli 
n^ay  ^  foui^d  not  only  how  great  the  area  of  sails  ought  to  be, 
,im  order  to  give  a  determined  inclination  to  a  ship,  but  also  how 
r  mmk  tfao  ship  will  ineUne  when  the  area  of  the  sails  Is  given. 
-  By  the  usual  methods  of  finding  the  lengths  of  masts  and 
yards,  ships  of  equal  dimensions  have  had  the  same  area  of 
sails,  without  any  regard  to  their  possessing  more  or  less 
stability. 

Suppose  a  fleet  to  consist  of  ships  of  the  line  of  different 
lerms  under  water,  but  of  equal  dimensions  and  equal  areas  of 
sails,  and  that  lliey  all  sail  nearly  equally,  but  that  it  has  this 
laidt,  that  when  some  of  them  hafre  stability  enough  to  make 

use  of  their  lower  tier  of  guns,  the  rest  of  the  fleet  cannot,  at 
least  not  without  hazard,  by  reason  of  deliciency  in  their  stabi- 
lities :  suppose  now  that  the  areas  of  the  sails  of  these  last 
ships  are  to  be  diminished  to  such  a  proportion,  that  these  ships, 
in  the  same  strength  of  wind,  nre  not  to  incline  more  than  tJie 
other  ships,  and  consequently  will  carry  their  guns  as  well;  they 
will  then  have  this  fault,  that  they  do  not  sail  so  well  now  as 
before.  This  fleet,  consisting  of  ships  of  an  equal  *  stability, 
but  unequal  as  to  their  qualities  of  sailing,  is  certainly  not  better 
tha^  it  was  before,  when  all  the  ships  sailed  equally  well,  but 
were  unequal  as  to  their  stability,  or  quality  of  using  their  guns. 
.  Whence  it  is  evident,  that  a  fleet  which  consists  of  ships  of 
the  line  of  different  or  unequal  qualities,  is  very  imperfect;  but 


^  Qr^  eto^ility  iu  tlie  »ame  proporiion  to  the  ii^oment  ol  tU«  saUa. 
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that  fleet  is  per£ect^  in  which  ail  the  ships  have  an  equal  stabi- 
lity>  or  incline  equally  with  the  same  tails  ;  in  whioh  «ll  the 
ships  sail  equally  well^  and  can  all  be  worked  in  the  same  man* 
ner,  and  with  the  same  ease  and  fadlHy*  :  iui  . 

We  have  found  that  this  can  never  be  gained  by  any  altefst^ 
tion  ill  the  area  of  the  sails  ;  the  defect  lies  in  the  form  of  the 
ahips  themselves :  the  reason  of  which  is  this^  that  when  the 
draught  of  a  ship  of  the  line  is  to  be  constructed,  the  area  of 
the  sails  is  never  considered^  but  the  lengths  of  the  ^ea^mila 
and  top-mast  are  taken  at  hazard,  in  proportion  to  the  breadih 
of  the  ship,  and  the  lengths  of  the  yards  in  proportion  to  the 
length  of  the  ship  J  witiiout  know  ing  if  the  stability  of  the  ship 
is  as  the  product  of  its  lengtii  multiplied  into  the  square  of  the 
breadth,  as  it  then  ought  to  be,  if  the  momentum  of  the  stabi* 
lity  of  the  ship,  is  to  be  in  proportion  to  the  momentum  of  the 
suls  from  the  centre  of  gravity  of  the  ship*        .  ^  v-b^r 

The  proper  consideration  of  the  sails  is  as  necessar)'  for  a 
ship  of  the  line  as  that  of  the  guns ;  and  as  on  the  weight  and 
^jytuation  of  the  guns  chiefly  depends  the  situation  of  the  centre 
of  gravity  of  the  ship,  so  also  is  it  equally  necessary  Co  obsernv^ 
lhat  on  the  momentum  of  the  sails  chiefly  depoids  the  value  of 
the  stability  which  the  ship  requires.  The  whole-  is  to  be  con* 
sidered  as  one  entire  machine ;  for  which  reason,  all  its  parts 
and  their  properties  ought  to  be  conceived  and  determined  at 
the  very  commencement  of  the  design  of  the  form  of  the  ship, 
and  nothing  allowed  to  be  made  arbitrary  afterwards,  that  has 
any  influence  either  on  the  stability  of  the  ship,  or  on  th^  mc^ 
mentum  of  the  sails* 

-  This  gives  the  true  reason  or  ground  for  tlie  principle  that  is 
to  be  followed,  in  forming  a  theory,  wliich  IS  C3.p  able  of  giving 
to  ships  of  unequal  magnitudes,  equal  qualities;  and  not  till 
that  is  accomplished,  will  a  fleet  of  men-of-war  arrive  at  per* 
lection* 

Note.  The  usual  piethod  of  proportioning  the  length  of 
masts  and  yards  for  ships  of  the  line,  is,  as  lias  btieii  said  be- 
fore, from  the  length  and  breadth  of  tlie  ship  only  ;  and,  con- 
sequently, is  not  founded  on  true  principles.  It  may,  probably, 
give  an  agreeable  appearance  to  the  ship  and  ri^ng  together. 
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Mkisnitidw^mlBbletoteataliililyo^  Innqf 
Treatne  on  Ship-building,  page  64,  is  a  general  exprwsion*  fov 

the  momentum  of  the  sails  for  vessels  of  all  magnitudes,  and 
usefiil  for  all  kinds  of  rigging,  which  expression  was  highly  ne- 
cessary (as  not  being  found  any  where  else  that- 1  know  of)^ 
Imt  for  sbqiaof  theiiiM^  it  b  insufficient*  It  was  therefore  ne- 
eesaary  to  invent  and  establish  another  aaethody  founded  on  n 
better  principle^  for  folding  the  length  of  the  masts  and  yards 
of  ships  of  the  line,  which  has  been  written  in  this  manner  only 
for  the  sake  of  not  escaping  my  memory;  but  when  1,  more- 
overi  considered  that  it  would  be  useful  to  be  known  by  others^ 
I  was  induced  to  print  it  in  this  manner,  without  any  further 
alteration  than  a  small  addition  in  the  introduction  j  wherefore 
it  has  happened^  that  things  of  less  importance  are  not  in  the 
best  order. 

If  this  little  treatise  deserves  to  be  translated,  it  will  be  well 
if  it  be  performed  by  those  who  perfectly  understand  both  lan- 
guagesy  and  rightly  comprehend  what  is  here  treated  of*  I 
am  under  the  greater  necessity  of  mentionkig  this^  because,  in 
my  Treatise  on  Ship-buildUng,  which  was  translated  into 
FVencb,  the  translator/  amongst  other  observations,  has  'ima* 
gined  a  foult  where  none  existed :  as  for  instance  (I  will  only 
mentionr  one  of  the  most  consequence)^  he  considers  in  the  ex- 
pression.^|y'<;?^  — a  +     Q,  page  25,  line  6,  that  the 

quantity  D  —  Q  is  neglected  because  it  is  not  expressed ;  but 

it  is  by  using  this  very  quantity  tliat  the  expression  acquired 
its  form. 


At  first  it  was   g — •  D  —  Q  —  cQ,  which  is  = 

Jly^dx^  ^fj— .Q-cQ,but  — 5 —  8  a,  horn, 


vt'  Tbe  ezpreMioD  here  alluded  to  it  this :  Let  the  diiplacment  of  a  ghip  a 

dbfHiss  Ma  ^  mbIM  of  gravit j  of  «U  lUp^io  dia  aietaMiiira  m  m,  aad 
#d  littlft&'lif  dM  iUpftsB  sMfi^^^^  it  dMn  tlw  auMic  of  tho  i^U 

.35^  an. 
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41  MtitM¥J»*iHiOtt.-*m^fUiit, 

iriiidt  tl» expmdon beeomet  /|j(»<6t—  a        <^  as  be> 


lus  J  ^  vilfeHfe^i^e  tIftB  tyt^HM  ivdl  net  Ctfljii  WM  die 
suppqoes ;  but  the  tmAwitom  ilraWR  ftwn  the  Imretdgftlimi  ki 

that  teetion  remmins  unaltered,  and  will  so  continut. 

The  French  observation  was  afterwards  translated  into 
i»wedish,  and  as  the  Swedish  translator  (under  a  feigned  name) 
haa  considered  the  French,  more  as  a  censttra  than  as  a  mava 
InsMlaltoK,  ha  had  addM  some  ramaika  of  aaasura  of  his  asm. 
Ha  aiakas  an  obsarvaliaiiy  at^paga  M6>  Kna  34,  whara  It  Is 
saM :    As  tha  ^istanaa  through  which  tha        had  fliHaa  «■ 

\  foot,  we  have  this  proportion,  ^^16,^  :  I !  33  !  the  velo- 
city the  body  has  acquired  at  the  end  of  the  fall^  whence 


=  is/33  feet  in  a  second.   On  which  the 

Swedish  translator  makes  the  followhig  note       litis  pio* 

poi  rioii  is  riglitly  stated }  but,  probably,  by  mistaking  the  right 
multiplier^  it  has  happened  that  the  conclusion  is  wrong ;  be- 

c^u^  vTii==4.08  :  Vi  =  0,223  ;:  33*;*'  « 

=  1,8  feet,  which  is  the  velocity,  in  one  secoiui,  that  the  body 
has  acquired  in  falling  the  distance  of  half  a  foot;  consequently, 
what  is  said  io  page  i%  iii^e  29,  and  seqiial,  oi^gbt  alao  to  h^ 
corrected." 

Certainly  such  a  miserable  observation,  on  a  thing  of  such 
small  consequence,  does  not  deserve  to  be  refiited ;  but  as  it 

may  happen  to  be  perused  by  one  who  is  no  better  calculator 
than  the  Swedish  translator,  I  will  Ui\is(iatc  what  is  said,  for 


•ft 

*  ChftpmMi  appMit  to  avoid  the.  fote«  of  tfa^  o1>jMti«a  of  Clfttrbois^  wtiO^ 
adto  does  not  relsto  to  t|ie  firat  ^zpmsionitlie  vftlae  of  the  atabilily  befiwo  tht 

miigmentatioii  of  tbo  dispUcraient,  which  according  to  the  metacentn'c  measure 
of  Btahility,  is  perfectly  correct,  but  to  tlie  expression  of  tlie  stability  after  the 
augmpntntion  of  the  displacement,  in  which  Chapman  certainly  gives  a  wrong 
value  ot  the  Btahility  from  the  new  centre  of  gravity  of  diaplacetnent.  See  noto 
on  this  subject  by  i'rofe&sor  laman  iu  his  traiisluuon  of  this  work,  in  which  th« 
effect  of  an  augmentaii<ni  of  displacement  is  correctly  determined  iu  reference 
to  the  tiM  BMMon  of  ■tiibili^. 
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«ueh  aa  one,  b^r  tlftliai  li*  iiM  proportion^  ^^^Sl^  \  ^ 

«o        u   ^  33. 33.33.i  33.33 

33  :  Ji,  whei«fore  m  =  aad     -  -        ^  » 

»  33,  whence  »  =  ^^Was  before ;  so  tlwt  there  is  no  fkalt. 
The  fault  committed  by  the  Swedish  translator  is  this :  he 

TOiisiders  that^i  =  0,223,  which  is  wrong}  because  0|223  =8 
Vj;  or  Vpft  i  but  ^or         =?  0i,7O7a 


Supple|nen^  taken  from  the  new  transactions  of  the  Swedish 
Academy  of  Sciences,  first  quarter  of  the  year  1787,  page  48, 
concerning  a  true  mcthcul  for  finding  the  height  of  the  centre 
qf  gravity  of  a  ship  when  lying  afloat,  either  completely  armed| 
or  quite  empty ,  whfn  the  draught  lyhich  the  ship  viras  bui)( 
is  ^ven-s  t>y  ^^^4!  H,  af  Chapmai|« 

To  sf^lve  the  problemp  it  must  first  be  proved,  tha|  in  wha^ 
ever  place  within  a  ship,  either  lower  down  or  higher  up,  a 
certain  weight  is  moved  a  given  distance  front  one  side  to  the 
other,  th^  inclination  of  the  ship  will  constantly  be  the  same. 

Suppose  A,  fig.  11,  to  be  the  centre  of  gravity  of  the  ship, 
about  whicli  it  makes  its  angular  motions.  Through  4 
draw  the  horizontal  line  AD,  and  the  vertical  line  CB«  On 
CB  place  several  equal  weights  P,  at  pleasure,  as  at  B  and 
and  in  the  centre  of  gravity  A.  From  B  and  C  draw  the  ho- 
rizontal lines  BD  and  CD,  and  take  BD,  CD,  and  AD,  at  plea- 
sure, but  of  equal  lengths*  Through  the  centre  of  gravity  A, 
draw  the  inclined  line  fe;  from  any  place  K  on  this  line,  draw 
a  vertieal  line  KL,  take  A<v  A^  s  AG,  AB.  From  r.  A,  and  ft, 
draw  cO,  AM,  and  5N,  at  right  angles  to  ch^  and  take  cO,  AM, 
and  5N,  all  of  the  same  length,  and  eijual  to  CD,  AD,  and  BD. 

Si\ppo$e  fig.  11  to  represent  a  transv  erse  section  of  the  ship^ 
and  lt(  Ihawdght  at  A  ba  NSKwed  to  D,  and  suppose  the  ship 
thereliy  lo  aequire  the  ineHnatlon  hc^  the  weight  P  comes 
then  into  the  place  M,  and  the  weights  that  were  in  C  and  B 
are  now  in  c  and  Suppose  K  to  be  the  inetacentre  of  the 
ship ;  LK  the  direction  of  the  water  to  oppose  Uie  inclination 
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pf  the  ^ip,  with  a  power  Q,  equal  to  its  whole  weight,  or  dis- 
plaeement.  From  N,  and  O,  draw  the  vertical  lines  ME^ 
NG,  and  OF,  and  through  c  and  draw  the  faoriaMtal  lum 
H<rF,  and  %• 

The  power  of  the  momentum  to  make  the  ship  incline  is 

then,  AE  +  He  —  ^1.  and  (as  it  may  be  compared  to  a  lever 
of  the  second  order)  it  will  be  =  AL.  Q« 

Remove  the  weight  in  M  to  its  former  place  in  A,  and  the 
ship  will  resunke  its  upright  position.  Remove  now  the  weight 
in  C  to  U,  then  the  ship  inclines,  so  that  Cb  takes  the  situation 
ch,  whence  the  weight  P  comes  into  the  place  O.  The  mo- 
mentum of  the  power  to  make  the  ship  incUne  is  now 

cF  +  He  —  bU    the  same  as  before^  because  cF  s  AE. 

'  Remove  the  weight  in  O  to  its  former  place,  and  the  ship 

again  resumes  its  upright  position.  Remove  the  weight  in  B 
to  D,  then  the  ship  inclines,  so  that  Qh  takes  the  situation  cby 
wlience  the  weight  in  P,  which  before  was  in  B,  is  now  iu  N. 
The  momentum  of  the  power  to  make  the  ship  incline  is  now 

+  Hc.P,  the  same  as  before,  because  My  s  eP  »  AJS. 

But  as  the  distances  Hr,  are  not  described  from  the  mo- 
tion of  the  weight  P  in  the  vessel,  but  merely  from  the  angular 
motion  of  the  ship^  and  all  other  weights  in  it,  about  its  centre 
of  gravity  A,  they  may  be  altogether  neglected  i  and,  there- 
fore, each  of  the  quantities  AE«  P,  cF«  P,  and  P,  is  equal  to 
to  AL.  Q.  ^  Whence  it  follows,  that  in  whatever  place  kt  a 
shij}y  either  in  the  iiold  or  higher  up^  a  contain  iveight  is  moved  a 
given  distance  from  one  side  to  the  othe7\  the  inclination  of  the 
ship  unit  be  constantly  the  same;  which  was  to  be  demonstrated. 

But  as  every  one  may  not,  by  this  demonstration,  be  en- 


*  AVhat  is  said  here  by  tlie  autlior  cannot  be  admitted  to  be  strictly  a  proof 
of  this  proposition ;  its  truth,  however,  is  evident  on  these  principles  of  me- 
chanics, that  in  un y  system  of  wei^ijUts,  if  any  one  of  tliem  is  moved  in  a  c-itrea 
direction  a  certain  distance,  the  centre  of  gravity  of  tlie  system  ib  uKvavs 
mored  in  thi)  stBM  direction  a  distance  iaverselj  as  the  sum  ot  the  weights  to 
the  weight  noved;  and  m  in  tlib  csie  tbe  weights  aiOT»d  are  equal,  the  di«* 
taaee  the  eeotiw  of  gnirity  of  Che  Bystsm  is  moved  will  b'e  always  the  aane ;  and 
that  in  anjUoating  hody  tlie  mnoval  of  iia  centre  of  grarity  a  eertun  distance 
ia  a  givea  diMotioii,  always  ctaaes  it  tti  iaeliiMi  equally  ftom  its  fotner  state  of 
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and  Length  of  Masts  and  Yards,  61 

tirely  convinced  of  the  truth  of  this  proposition,  perhaps  the 
following  experiment  may  more  satisfactorily  evince  its  truth. 

For  this  purpose  cause  a  box,  or  small  ponton,  fig.  12,  to  be 
made,  about  1 8  or  20  inches  long,  and  4  inches  deep ;  erect 
two  posts,  DF,  CE,  on  the  sides,  and  lay  the  two  shelves,  H 
and  G,  between  them,  parallel  to  the  bottom  AB  ;  aet  a  mark 
I  in  the  middle  of  the  bottom,  and  perpendicularly  over  it 
mark  K,  L,  on  the  shelves.  Mark  M,  N,  and  O,  equally  dis- 
tant from  I,  K,  and  L;  place  three  equal  weights  in  the  mid- 
dle of  the  box,  exactly  on  the  marks  I,  K,  and  L ;  place  the 
box  in  water,  and  be  careful  that  it  floats  upright.  Move  the 
weight  at  I  to  M,  and  the  box  will  incline ;  then  move  it  back 
to  its  former  place,  and  do  the  same  with  the  other  weights, 
and  it  will  be  found  that  the  box,  by  each  of  these  changes, 
will  acquire  the  same  inclination. 

We  have,  therefore,  two  demonstrations,  the  one  by  theory, 
and  the  other  by  experiment.  This  problem  could  have  been 
demonstrated  in  a  more  concise  manner ;  but  I  have  been  the 
more  prolix  in  making  it  in  every  possible  manner  intelligible 
and  obvious,  because  seafaring  men,  of  all  nations,  are  gene- 
rally of  opinion,  that  if  two  equal  weights,  one  placed  on  the 
lower-deck,  and  one  on  the  quarter-deck,  are  to  be  moved  an 
equal  distance  from  one  side  to  the  other,  that  the  ship  in- 
clines more  by  the  weight  moved  on  the  quarter-deck,  than  by 
the  weight  moved  on  the  lower-deck. 

To  apply  this  in  finding  the  position  of  the  centre  of  gravity 
of  a  ship  of  the  line  when  completely  armed  : 

1.  Let  the  ship's  company  be  separated,  and  placed  on  the 
decks,  quarter-deck,  and  forecastle,  either  at  the  middle,  or 
divided  on  both  sides  of  the  ship,  so  as  not  to  cause  the  ship 
to  incline.  Let  all  the  guns  be  run  out  above  and  below ; 
place  the  quadrant,  by  which  the  inclination  of  the  ship  is  to 
be  measured,  and  observe  the  ship's  draught  of  water  forward 
and  abaft. 

2.  Draw  a  vertical  line  on  each  side  of  the  gun-carriages, 
and  mark  its  place  on  the  deck. 

3.  With  part  of  fhe  ship's  company  haul  the  guns,  either  on 
one  or  both  decks,  as  far  in  as  the  hatches  and  other  hindrances 
will  allow,  some  more  and  others  less,  till  the  ship  has  ac- 
quired an  incliaation  of  about  six  or  eight  degrees.    Nail  cleats 
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^lunat  the  tracks  of  the  cMn^  that  they  fkiay  st&lid  faai; 
aiid  not  slide  more  to  leewaid ;  let  the  men  then  take  their 
former  stations,  and  observe  exactly  how  many  degrees  and 

minutes  the  ship  inclines. 

4.  Number  the  guns^  and  measure  the  distance  that  each  of 
them  has  been  moved. 

6.  Take  the  weight  of  each  gun^  carriage,  breeching,  and 
coihs>  thlit  are  doimecttid  With  the  gnn  when  looked,  and 
reduce  this  weight  to  cubic  feet  of  sea-Water. 

Calculate  in  the  following  manner :  multiplv  the  weight  of 
each  gun,  &c.y  into  the  distance  moved,  which  is  the  momen* 
tum  of  that  gun.  Divide  the  sum  of  all  those  momenta  bjr  the 
Weight  of  all  the  guns  m6ved,  theoce  we  have  the  mean  dis- 
tance of  all  the  guns  moved,  which  put  s  a  =  AD. 

Let  the  whole  weight  of  the  ship,  or  its  displacement  to  the 
bntside  of  the  planks  =  Q,  the  sum  of  all  the  weights  which 
caused  the  ship  to  incline  =  P,  number  of  degrees  the  ship  in- 
clined s  #,  AE = ^,  AL  s  alid  AK  the  distance  between  the 
centre  of  gravity  of  the  ship  and  the  metacentre^ier:  then 

9      y^'-;  ftiidAUQ»^P$thfttifl,«QiityP|iiiiciie^ 

_  ^     _  a.  P.  cos, »    ^ J    ^    s.  rad,  , 

«  =  TT-  =»     — ;  and  «a  19  s=  — ;  ,  we  have  v  s 

g.  P.  eo».  $ 

Suppose  7?  15^, a  s  16  feet»  Pk  28Q0  cubic  feet  of 
water,  and  Q  »  77OOO  cubic  feet  of  water. 

Loi,.  COS.  7?  15^  »  9,9965198 
Log.  sin.  7°  16:  =  9,1010558 


0,8954580 


Log.  16  -  «  1,2041200 
Log.  2800    -    =  3,4471580 


6,6467360  ^  8621S0  »  i  ZZH!:/ 
4.8864907  i^fikssk^ 


Log.  77000  -   =  4,8864907 


0,6602463    4|678  s  w 


« 


Digitized  by  Google 


ioMio»i»Hy^  KAv  Hm  4NtaiM  iwm       ttcUMtMte  l»  the 

centre  of  gravity  of  the  Bhip,  s=  4,573  feel,  -  > 

If  It  is  foiibd,  from  the  iranght  of  the  Mlp^  thftt  the  dittatMi 

from  the  upper  water-line  to  the  raetacentre  is,  for  instance, 
6,7i>  leet;  then  the  centre  of  gravity  of  the  sliip,  and  of  every 
thing  that  is  in  it,  is  =  bjb  —  4,573  =  i>177  f<eet  above  the 
Bame  water-line* 

When  such  experiments  are  designed  to  be  niadei  the  ear* 
riages  ought  to  he  vei§^d  iMfians  they  are  hnnigfat  on  hoard, 
IS  ako  all  the  implements  belonging  to  the  guns  which  are 
moved;  the  guns  have  geaerall/  their  weights  marked  ivgk 
them. 

As  this  method  of  finding  thr  eentre  of  gravi^  of  a  iU|p  it 
simple  and.easyi  as  wtU  as  accurat%  if  tigfatly  aanted,  rt« 
qoires  haft  little  timei  and  is  not  attended  with  any  expense; 

considering  the  knowledge  which  may  be  thereby  acquired, 
experiments  ought  to  be  made  with  all  kinds  of  ship^i  of  war 
when  armed.  By  these  means  the  art  of  ship^building  will 
advance  much  faster  to  its  perfectbn  than  it  has  lutherto  done* 


To  tender  tins  little  treatise,  for  finding  the  area  of  6ails  for 
ahips  of  the  line,  useful,  to  an  English  reader,  the  following 
ought  to  he  known  t— 

A  cubic  foot  of  sea-water  ts  stipposed,  in  this  #ork,  til 
mlgK  63  pounds.  < 

•  1000  pounds,  Swedish,  =  937  pounds  avoirdupois,  English. 

•  1000  feet,  Swedish,  =  975  feet,  English. 

1000  square  feet,  Swedish,  =  950,62  square  feet,  English. 
1000  cubic  feet,  Swedish,  as  926,36  cubic  fee^  English. 

Whenee^^^  =  63^^  which  is  the  weight  of  an  finglisii 

tubia  foel  af  siaHWief  in  pmaris  amidhipeifc 


-  >  JU.a«<boft-s»ldofli  sftM  ia  Ikctt  proporti^ni,  bsCwssa  4iiiRtal  astiaaif  I 
sa  not  ssn  ikst  thois  firsii  km  sm  satiraly  to  bs  xvlisd  oii,kttikey  mast 
k«ihr final Ibt  troth;  btsldM»stdM  wdgktof  souUs  HiMt  of  m-wsttr  mssi 
sMls^bslaairahiSBiM^thssiNtmhssiifl^soffislsii  Cbpasa.  - 
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64.  Method    fimH^  tke  Area,  qf  S(dls, 

The  poWcr  of  the  wind  on.  a  square  foot,  English,  it's;^ 
=  0,986.   pounds  avoirdupois^  wheuce  we  have  2^29^ 

or  V  (§  4)  =  2,26  pounds,  and  the  general  expression  for  the 
momentum  of  die  sails  (§  11)  will  be  c^.  2^4823.  ^r''  +  .2,49S6;r^ 

63,69.  M 

.  ~  0,4619. 

Worn  the  above  proportions,  %he  length  of  the  7^gon  sliSp^ 
lietween  the  perpendiculars  of  the  stem  and  stempost  12), 

will  be  184. 0,975  =  1/9,4  feet,  English. 

Breadth  moulded        -       -    49J.  0,975  =  48,4  feet. 

Draught  of  water  abaft  *  22. 0,975  =  21,45  „ 
Ditto.  forward  -  20J. 0,975  =  20.0  „ 
*  Porto  above  water      «  6f.  0^975 »  6|  „ 

Its  displacement,  to  the  outside  of  the  planks,  is  = 
100500. 0,92686     93149  =  Q,  and  4,22. 0,975  =  4,1 14  =  a, 
the  weight  of  the  men  =  2^  409  »  1023  =:      6  »  H,625, 
W  »  14961,  a  Q  »  383215,  and  d  =  15,795. 

By  the  operation* in  §  13,  Ms?  31857 1  and  a8f;s2,26, 

vfthAvt   61 012  Whence 

^""^ 0,4619.  V    0,4619.2,26  "  ^  ' 

15,795. 2,4823.  +  2,4986.  =61,012,  or 
39,208 4-  2,4986.x«  =  1943659;  using  the  method  given 
in  the  same  section,  we  have  ^  =  87  =  the  breadth  of  the 
lower  edge  of  the  main  top-sail  $  hence  it  will  be  found,  that 
the  whole  length  of  the  main  yard  is  =  95,7  f^^e^  of  the  top- 
sail^yard  =  76  feel^  the  length  of  the  main  top-mast,  from  the 
edge  of  the  fid,  =  65,77  ^cet,  and  the  whole  length  of  the 
main-mast  =  113,38  f(  et ;  that  is,  27,54  feet  from  the  Iteelson 
tQ  the  upper  side  of  .the  upper  deqk,  and  85,84  feet  from. the 
upper  deck  to  the  top-end  of  the  mast. 

From  the  observat|oa  .near,  the  end  of  section  20,  it  may  be 
seen,  that  we  are  not  restricted  to  any  certain  form  of  sails, 
nor  to  a  cei  laiu  propoi  tloii  of  the  area  of  the  sails  of  one  mast 
in  comparison  with  the  others,  but  that  these  may  vary  as  ex- 
perience and  reason  dictate,  only  observing  a  similarity  between 
the  tqp*sail|B  and  top^gallant-sails  j  the  moment  .of  the  sa^a 


Digitized  by  Google 


and  Length  of  Masts  and  Yards.  69 

fViHf  Binrertheless,  be  in  propurtiou  to  the  stability  of  the 
ship. 

Perhaps  it  will  be  thought  that  this  theory  depends  too  mnch 
on  practical  determinations^  but  it  will  be  found  tliat  it  cannot 
be  otherwise.  For  example,  it  is  the  experienced  seaman  who 
knawB  besty  if  the  square  sails  ought  to  be  more  or  less  tapering 
tqiwards;  if  they  OQgbt  to  have  more  or  less  depth  in  propor- 
tion to  thdr  breadth  5  with  many  other  particulars  which  are  * 
not  determinable  by  theory.  By  the  help  of  such  inforiTiation, 
theory  dcterminei)  the  absolute  quantities  themselves^  that  is, 
the  breadth  of  the  main  top-sail  below,  and  thence  all  the 
other  proportionsi  conformably  to  the  experienee  of  the  sea- 
man, and,:at  the  same  time,  in  proportion  to  the  stability  of 
the  ship. 

A  theory  which  does  not  agree  witli  practice,  is  undeserving 
the  name  of  theory. 


Art.  IV. — Account  of  the  Number  and  Description  of  the 
ArtiUeryf  Prqfeetiks,  SmaU-arms,  and  AmmunUum,  which 
form  the  BsiabUshment  of  those  Artieks  an  board  the  af- 
ferent Classes  of  Shijjs  composing  the  French  Natry.  {From 
the  Annates  Maritimes,) 

Artillbrt — in  classes  of  vessels,  which,  having  been  con- 
structed after  dengns  that  are  no  longer  i^pproved— will  only 
continue  to  form  a  part  of  the  naval  force,  for  the  term  of  the 
duration  of  the  present  ships. 

y^^Bhips  of  three  decks,  carryki^  120  guns. 

On  the  lower-deck,  thirty-two  36-pounder  guns.* 
On  the  middle-deck,  thirty- four  24-pounder  guns. 
On  the  upper-deck,-  thirty-four  36-pounder  carronades. 
On  the  quarter-deck  and  forecastle,  sixteeen  SG^poonder  cano- 
nades  and  four  long  1 8-pounder  gons* 


1  The  compai  alive  English  ealilires  of  the  Freneh  36,  30,  24,  18, 19,  and  $* 
poonder  guns,  are  respectirely  58. 8,  32. 4,  26,  19. 5, 13,  tad 

VOL.  Ill,  » 
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Ihe  .iMatoj  tk*  -tof>8,  and  t)ie  poop,  one  24,  and  one 
pounder  carronade,  four  lar^  swivels  {Perfier^],  and  eight 
smalt  ones  (Espingole^). 

Oft  t^ie  !ower-deck,  thirty  36-pQunder  guns. 
On  the  mickile-deck,  tblrty^two  24-pounder  guns. 
'  Otttlie  ufvper'*deek,  thirty-two  SO^pounder  carronadet* 
On  the  ipwitw-deck       fofeeastle.'^twtlve  86«pannd«r  mm 

1^  die  boats,  &c.,  the  saase  as  for  tha  ISCWgntt  ship* 

^^Sh^M  qarrykiif  rngMy^sis  gun9^  eaUed  SS^ftm  s^ps. 

On  the  lower-deck,  thirty  36-pounder  ^uns. 

On  the  URp^rr^deck,  thirty-two  24-pouii4er  guns. 

On  the  quarter-deck  and  forecastle,  twenty  . 3ti-i|i9U(i(ter  (^liH 

nades,  and  four  long  18-pounder  guns. 
For  the  boats,  &e.  the  sane  aaftv^  120-guu  sKip. 

On  the  lower^deck,  twenty-eight  36-pounder  gUHf. 

On  the  upper-deck,  thirty  18-pouiider  guns. 

Oft  the  (jyaiter-rdeck  an«i  forecastle,  twenty  36-^ouii4^r  cayro- 

nades,  and  four  long  1 8-pounder  guns. 
For  the  boats,  &c.  one  18,  and  one  i2-pounder  carronade,  Ibur 

liirge  swivels,  and  eight  small  on^. 

^.^ikaneer,  cmrfkiff  59  fum,  ^"pmukm  em  the  mal»'^k€k. 

On  the  main-deck,  twenty-eight  36-pounder  guns. 

On  the  quarter-deck  and  forecastle,  twenty-eight  36-pounder 

carronades,  and  two  long  IS- pounder  guns.  , 
For  the  boats^  &c.  the  same  as  for  an  82-gui)  ship. 

6. — Frigate  ear^yiu^  58  guns,  2i-p(mu4er^  o^  the  mtauhd^k* 
On  the  matiHdeck,  thirty  24-pombrgim8. 
Oatfae  quarasr^adt  aiid  fovaaastle,  twanty-«tx  24*^iiasmlBr 
carronades,  and  two  short  1 8-pounder  gunat 


'  Both  tlieae  species  of  swivel  are  of  the  calibre  of  one  pound,  hut  the 
weight  o£  tko  Pen  ier  ib7  pounds,  while  that  of  the  Jispmg^§  is  onl^  about 
44  pounds. 
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For  the  boats,  &c.  two  12-pound6r  canronades,  fsm  large 
V and  tight  -  ' 

On  the  main-deck,  tvveiity-eight  IS-pounder  ^uhs. 

On  the  quarter-deck  and  forecastle,  sixteeu  ^-pounder  carro- 

nades,  and  two  ahort  18-pounder  gUD^. 
For  the  boats,  &cc,  two  12*poimder  oacnmades,  four,  Urfa 
, .  swiY^l^^  vad  eight  small  ones. 

B^Ccrveite,  mih  qum'i&^-dedt  and  faiftauih^ 

On  the  mtun-deck,  twenty  24-pottirfef  carroiiacle*.' 

On  the  quarter-deck  and  forecastle,  six  12-pounder  carronades, 

and  two  l2-pounder  guns. 
For  the  boiits,  kc.  four  large  swhrels^  and  six  small  ones/ 

Eighteen  24-pounder  earroaadefl^  two  6-poimder  gunsy  foor  luge 
siidTelsy  and  atx  amoll  ones. 

10«— Jr^.  car 18  gmn* 

Sixteen  24-pounder  earroiiades,  two  8-pounder  guns,  four  large 
swivel^  and  six  small  ones. 

Fourteen  24«-p6under  cansonadeei  two  8«pQiiader  glUii^  UfW 
large  swivels,  and  six  small  ones. 

\2^SmM  Bng^  4md  large  Sehoomr. 

From  eight  to  ten  iS-pounder  carroimdes,  four  large  swivels, 
•  and  two  small  ones. 

From  two  to  six  IS^-pounder  camnades,  two  laige  swivels,  and 

two  small  ones. 

Two  1 8 -pou rider  cari<dua4e%^ ^vo  ijl^poi^u.dei:  gui^^  iqur . lar^e 

swivels, and ilivo<«audl4iie94(  .  -  ^i:  '^  ^  -v^' 

p  2 


•  ■  1 


I 

K«iiei9  amtrueted  i^fter  new  Dmgm,  uatd  qf  wiMih  tM  Navy 

U^FM4m$e  Lme^^^k  Skip. 

On  the  lower-deck,  thirty-two  long  30-pounder  guns. 
On  the  middle-deck,  thirty-four  short  30-pouDder  guns. 
On  the  uppeT'decky  thirty-fonr  dO-pounder  camiiadeB* 
On  the  q«arter-deck  end  forecastle,  sixteen  30-poiinder  cam* 

nades^  and  four  long  18-pounder  guns. 
For  the  boats,  &c.  one  18-pounder,  aiul  one  12-pounder  caf» 
ronade^  fova  large  swivels^  and  eight  small  ones* 

IS.-^Second-rate  Line  of^battk  Ship, 

On  tiie  ImveiKleek^  thirty-two  long  30-pottnder  gans. 
On  the  upper-deck,  thirty-four  short  SO-pounder  guns. 
On  the  quarter-deck  and  forecastle,  thirty  SO^poimder  carro- 

nades,  and  four  long-  18-pounder  guns. 
For  the  boats^  &c.  the  same  as  for  a  first-rate  ahip. 

17. — Tlmd-rate  lAne-of- batik  Ship, 

On  the  lower-deck^  thirty  long  SO-pounder  guns. 

On  the  jpper-deck,  thirty-two  short  30-pounder  guns. 
On  the  quarter-deck  and  forecastle,  twenty-four  30-potUKlir 

carronades,  and  four  long  18-pounder  guns. 
For  the  boats,  &c.,  the  same  as  for  a  first-rate  ship. 

l^r^Fmirih-rate  Line-of 'battle  Ship, 

On  the  lower-deck,  twenty-eight  long  30-pounder  guns. 
On  the  upper-deck,  thirty  short  30-pounder  guns. 

On  the  quarter-deck  and  forecastle,  twenty  SO-pounder 

ronades,  and  four  long  18-pounder  guns. 
For  the  boats,  &ic,  the  .same  as  for  a  first-rate  ship. 

\^,^  frigates  of  the  first  claas^  carrying  60  guns. 

On  the  main-deck,  thirty  long  30-pounder  guns. 
On  the  quarter-deck  and  forecastle,  twenty- eight  30-pottnder  ' 

carronades,  and  two  lons^  18- pounder  guns. 
For  the  boats,  &c«  the  same  as  for  a  first-rate  ship. 
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20,  ^Fri^at€s  of  the  second  class,  carrying  52  ffuns. 

On  the  main-deck^  twenty- eight  24-pounder  guns. 

On  the  quarter-deck  and  forecastle,  twenty-two  24 -pounder 

carronades,  and  two  short  18-pounder  guns. 
For  the  boats,  &c.,  two  12-pounder  carronades,  four  large 

swivels,  and  eight  small  ones, 

21,  — Frigates  of  the  thi?*d  class,  carrying  46  guns. 
On  the  main-deck,  twenty-eight  18-pounder  guns. 

On  the  quarter-deck  and  forecastle,  sixteen  30-pounder  car- 
ronades, and  two  short  18-pounder  guns. 

For  the  boats^  ficc,  the  same  as  for  the  frigates  of  the  second 
class.  . 

22,  ^Corvette,  with  quarter-deck  and  forecastle^ 

carrying  32  guns. 

On  the  main-deck,  twenty  30-pounder  carronades^  and  four 
short  18-pounder  guns.  >  .    •  - 

On  the  quarter-deck  and  forecastle,  eight  30-pounder  car- 
ronades. 

For  the  boats,  &c.,  one  12-pounder  carronade,  four  large 
swivels,  and  six  small  ones. 

23. — Corvettes,  flush-decked,  carrying  24  guns. 

Tu'enty  30-pounder  carronades,  and  four  short  18-pounder 
guns. 

24. — Large  Brig,  carrying  20  guns. 

Eighteen  24-pounder  carronades,  and  two  short  18-pounder 
guns. 

25. ^Corvette,  Advice-Boat. 

Sixteen  18-pounder  carronades,  and  two  8-pounder  guns. 

26. — ^These  last  three  classes  will  also  have, 

For  their  boats,  &c.,  one  12-pounder  carronade,  four  large 
swivels,  and  six  small  ones. 

27. — SchooneT'Brig,  or  Advice- Boat. 

Sixteen  18-pounder  carronades,  four  large  swivels,  and  four 
small  ones*  ... 


Six  18-poaiidmr  nmmmkm  and  tmrn^ifrnm^m  gim^faiw  iMfi 
'  i«vlv48'ind  fimr  anttll  ^iMf*    .  > 

Six  18-pounder  carrouades^  four  i^ga  swivel^  Mii\  two  ^all 

'  '  '  r  « 

■ 

30.-  Corvette  and  Trarm^orL  of  800  /dn*  cmf  upyoafii,  '  ' ' 

31.— 67«>,  <2^/row  GOO  to  400  ^(ww.   •  -  -  ^ 
Sixteeit  IS-fionnd^r  c^arrMiaoes,  and  tvro  S-potrnder  gn^* 

Twelve  18-pounder  carronades^  and  two  6-pounder  j^s.  - 

33.-^The8e  kst  tbrn^olMm  hife,  heMm  dria»  Ibw-  kigi 
•vnvdb  and  aix  small  ones,  .      .  i 

^.'-'Siore  Slup,  qf  2^0  Urn  aitd  below^  /  

*     -  •  ......  "i 

Two  6-pouudei:  guns,  two  large  swivels^  and  two  small  ones, 

f^r^Th^  p.bove  ^stabKshments  for  vessels  of  burthdi^  and  of 
tiansporty  are  to  be  considered  as  limits  which  afe  not/ in  any 
case,  to  be  exceeded,  but  within  which  their  force  is  to  be 
restricted  whenevti  circumstances  may  permit. 

PKOJECTILBS* 

Faf  Line^of-battk  ^hi^s  and  Frigates* 
SavaD^^-fire  for  eacli  gun. 

Thirty  for  each  canonade  of  a  similar  calibre  with  the  guns. 
Forty  for  each  carwnrade  of  a  diiFerent  calibre. 

For  Vessels  of  the  smaller  classt^. 
Forty-five  for  each  gun,  and  forty  for  each  cairrQiiada»* 
Forty  for  each  swivelf  in  ships  of  all  classes. 
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Five  for       gtiii)  for  ott  fhmm  of  aWpi^ 

Ten  for  each  ^nn  an  the  lower-decks  of  all  line-of-battlc  ihipt| 
-aiui  alsoi  for  eaeh  gun  on  Uie  Bikidle-deeks  of  thrce-deek^w, 
iFMteen  fot  each  guti  on  the  upper-decks  of  liae-of-battleahip^ 

and  tbe  mun-jeeks  of  ftigates, 
llVenly  ibr  ea^h  gun  on  the  qvarter-deckt  of  lme-of«bit4e 
'   «hips  and  frigates.  •  ; 

fTwmty  for  ^ach  gun  in  all  the  smaller  classes  of  fihtps.  ^ 

S9.— Shot,  large  BatU^fiyr  VmrmuukK  '  ' 
frmniBy*kn  for  eneh  tartotiadei  ia  line-of-baHle  antt 

iHgatea.  / 

Thirty-lif»  Iff  eiMsh  eammde^  for  the  ksets  of  dlNe  clttMi* 

Fifteen  for  each  coifonade.  in.  the  ^sumller.  classes  of  ships, 

-   •  •*  » 

Five  for  each  carronade  in  lin^-of-hattle  ships  and  frigates*  - 
t^een  for  each  catrroiiade  for  the  boats  of  these  classes*  ^ 
>  Fiik  fot  eaib  teionade  id  th^  speUer  classes  of  sluM 

'I 

Altf^Grape  0n  Camsler/or  Bwivek^  I 
^Twenty  for  each|  in  all  dasses  of  ships/  •  *  I 

 :  .       '    • '  1 


■  •  V  ■ 

iSI|pl«l  and  <gfrwed,  Faru,  Stpt.  18iA,  18f8i 
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72       Numher-md  Dmti^ion  of  the  AttUkry, 


EtUAiMmeai     the  Number  and  DeferipHan  qf  Wta^ptm  i9 

■  1*  The  several  deflcriptions  of  weapons  arc  to  be  delivered 

to  ships  of  various  classes,  as  shown  by  the  following  table.  * 


GLASS  Of  TfiSStt.. 


OLD  CLASSES  OF  SHIPS. 

L&ne-Qf*batlle  ship  of  120  guns 


do. 

do. 
Raxee  of 
Frigate  of 

do. 


110 

86 
82 


do. 

do. 
do. 


do 


do. 
do. 

do. 
52  pixu 
58  do. 
46  do. 
Corvette  of  28  do. 

•  do.  <  20  do. 
Bri|r  of       18  do. 

do.  16  do. 

Small  brig  aud  large  schooner 
Small  sdMOttcr*  eottir^  li'Sf^  ^* 
Giin*bo«t 


called  60 


rmsirr  clambb  of  «bip« 

Line-of'battle  ihip  llnUiato  • 

do.  do.  second-rate 
do.  dOb  tbird-rat^  4 
do.        do.  lbiitA.imte 

Frirate.    First  clah.-,   .    ,^  , 

(to.       Second  class  , 

do.       Third  class .   ,  , 

Large  corvette  

Small  conrette 

liargc  brig  •  

Corrctle  advioe-boAt  • 

Scboooer-brlg,  OT  advice-faoat 

Gun -br  ig  

Schooner 

CSorrette  awl  transport,  of  600  toos 

do.  do.       600  to  400  tons 

do.  do.        400  to  260  do. 

do.  do.       260  and  below 
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10 
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16 
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4 

0 
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10 

1  A 

10 

19 

6 
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4 
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0 

10 

1  A 

10 

40 

40 

210 

120 

120 

220 

36 

220 

36 

184 

100 

100 

2flA 
«w 

34 

34 
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90 

90 

160 

30 

160 

30 

130 

80 

80 

110 

26 

110 

26 

84 

60 

60 

100 

24 

100 

24 

76 

50 

50 

^0 

20 

90 

20 

70 

40 

40 

80 

12 

80 

12 

68 

30 

30 

70 

10 

70 

10 

60 

26 

26 

50 

8 

50 

42 

24 

24 

50 

8 

50  1 

8 

42 

24 

24 

36 

8 

36 

6 

28 

20 

20 

20 

6 

20 

14 

12 

12 

18 

6 

18  i 

6 

12 

1*2 

12 

60 

12 

60  . 

12 

4S 

24 

24 

40 

10 

40 

10 

30 

20 

SA- 

30 

10 

30 

10 

20 

16 

16 

14 

6 

14 

6 

8 

10 

10 

»  If  on  any  account,  the  number  of  men  compooiDgth«  crews 
of  any  of  the  before-mentioned  ships  ohotdd  be  altered^  the 

•  These  two  artklee  m  «ityap|>naabbit»tndi.dacUd  TMMlat  for  liae^. 
batUe  ships,  fngatea,  and  the  large  correttaa  bavhig  a  qvartef-dack  and  ftif 
cMtTe,  directions  wiU  be  givmi  bj  tho  Mlniitef  of  the  Uaiiaa  and  CaloDies 
whentba  oocaaaontoconr*  -      . ' 
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quantity  of  muskets  and  pistols  is  to  be  fixed  at  one  half  the 
number  of  men  on  board,  including  officers  :  then  the  quantity 
of  the  various  other  species  of  weapons  will  preserve  the  same 
proportion  in  number  to  that  of  the  muskets  or  pistols  as  be- 
fore the  alteration  in  the  crew. 

'  The  scale  fixed  in  the  preceding  paragraph,  may  be  alio 
used  in  determining  the  proportion  of  weapons  of  various  sorta 
to  be  furnished  to  any  otiier  species  of  vessel. 

When  a  ship  is  manned  either  wholly  or  in  part  by  men  be-  • 
longing  to  the  Equipages  de  ligne,  these  men  will  retain  their 
arms,  and  an  equal  number  must  be  deducted  from  the  quantity 
to  be  furnished  the  ship,  as  shown  in  the  preceding  directions. 

The  Minister  Secretary  of  State  for  the  Marine  and  Colonies^ 

(Signed)      Baron  Hyde  D£  Nbuvilia 

Apprmttdt  Paris,  Feh.  16/A,  1829.  •       •      •  ' 

Establishment  of  the  quantity  of  Potvder  to  be  delivered  to 

Ships  of  various  classes, 
  ♦ 

1.  — The  quantity  of  powder  to  be  delivered  to  each  ship  is 
to  be  determined  in  the  following  manner.  ^ 

For  carronades,  ... 
As  many  charges^  as  there  are  round  and  grape  shot. 

For  cannon,  and  for  the  sunvels. 

As  many  charges,  as  there  are  round  shot. 

2.  The  charges  of  powder  for  the  cannon,  are  to  be  of  two 
different  weights. 

One-fifth  the  total  number  of  charges  are  to  weigh,  each^ 
one-third  the  weight  of  the  ball ;  the  remaining  four- fifths  are 
to  weigh  only  one- fourth  the  weight  of  the  ball. 

3.  The  weights  of  the  charges  are  to  be,  for  cannon 


Calibre  of  the  gun. 

36 

30 

24 

18 

12 

8 

6 

kilogr. 

kilogr. 

kilogr. 

kilogr. 

kilogr. 

kilogr. 

kilogr. 

^  the  ball   .    .    .  . 

5.  88 

4.90 

3.92 

2.  94 

1.96 

1.31 

.98 

f  the  ball  .... 

4.40 

3.67 

2.94 

2.20 

1.47 

.98 

.73 

uiyiiizuu  by  GoOgle 


9f  Number  jmi  H/f  ^¥  4':^ii^^'i/y 

f  cnuun.as  tb^  are  .-at  prei«iit|  that  %  ,    ^  .  - 


r4«  c 


ti&ttH%  of  titer  ^ammadte. 


3% 

30 

34 

18  . 

12 

kilogr. 

kilogr; 

.1  • 

1.35 

1.10 

* 

1 1< I  till 


SwiTcli. 


tiilll 


.18 
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1 
t 


J^ipowyier  for  primmg^  will  be  delivered  in  tbe  pr<^por-. 
t^>n  of  one  kilo|;rAnime  (2^2  lbs.  iivoirdupois)  for  tWQ  hiiii^^ 

*'  6.  Tlie  charsfe  of  powder  for  small-arms  will  be  as  follows  : — 
For  a  musket      -         •  *    ^Ol25  kilo^ammes.  N 
^    For  a  cariyne  or^imboH  .  -      -  ,0083    ^  .dittos   ,  ^  , . 
For  ail  tbesie  arms^  the  lulls  iviU  be  dif  the  vreight  ot  t^if&ity 
to  the  pound. 

7.  The  cartridg^es  for  the  small- arms  will  be  tek4f  THade, 
and  delivered  on  board  In  the  proportion  of  one  hundred  aiid 
twenty  for  each  musket  and  carbine,  nod  twenty  for  each  pistol. 

In  consilience  of  this,  neither  cartridge-paper^  balls^  or 
loose  mnaHei-powder,  will  in  future  be  deliVe^.      "  -  "  *  ^ 

8.  The  quan^y  of  inferior  powder^  for  salutes,  &c.  &c.,will 
vary  according  to  the  station  of  tlie  ship. 

9^  The  whole  of  the  powder  will  be  enclosed  in  copper  cased^ 
nermeticaily  shut. 

The  fine  powder  for  priming,  and  the  inferior  powder,  witt 
)ie  m  grain*  The  powder  for  the  artillery  an^  6tnW-arms^  in 
cartridges.  .    •  .  # 

10,  Whenever  it  may  be  Impossible  to  furnish  these  eoppeT 
cases  to  a  ship,  the  powder  is  to  be  delivered  as  at  present ; 
^ha^  14,  two^tUrds  ip  g^ii^  and  the  renlaining  third  in  cart^ 
Hdges* 

Tlie  Mmeter  Secretary  of  State  for  the  Marine  and  Colonies^ 

[Siyiied)      Baron  Hydb  db  Nkuvil^,^ 
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Establishment,  of  tlie  description  and  quantity  of  Powder  and 
Ball  to  be  delivered  to  Ships  of  all  classes,  for  the  purpose 
t ,  of  exercising  the  Creivs,     .  -  ' 

1.  In  future,  the  powder  and  balls  used  for  exercise  are  to 
be  similar  to  those  used  in  actual  combat,       '  \ 

2.  The  number  and  description  of  artillefy  to^  se1ec/e<f  jfoj 
exercise  on  board  line-of-battle  ships  and  frigates,  are  to  be  as 
follow •        c>  —  * 


O  -jr...,! 

• 

Cannon. 

Carronades. 

Calibre. 

Calibre. 

B   ,          OLD  CLASSES  OF  SHIPS, 

Line-of-battle  ship  of  120  guns  .  , 
iWttd         ditto        110  do.**- i*' . 

36 

30 

\  ^ 

18 

36 

30 

24 

b 
5 

% 

2 

4 

4 

Ditto         ditto         86  do.     .  , 

5 

2 

2 

Ditto         ditto         82  do      ,  . 

6 

2 

Razee    of  52  guns    .   #   •   ,  . 

2 

1 

3 

2 

1 

3 

Ditto        46  do.      ^,..f  ,» 

3 

2 

NEW  CLASSES  OP  SHIPS. 

L 

• » 

Lioe-of- battle  ship,  first-rate     .  . 

5 

2 

5 

Ditto         ditto      second-rate  , 

5 

2 

3 

Ditto         ditto      thircl-rate    .  . 

2 

2 

Ditto         ditto      fourth-rate  , 

A 

2 

•a' 

Frigate,  first  class   ,   r  r  > .  »  * 
Ditto     second  class    «  •  •   .  . 

2 

2 

1 

1 

3 

3 

2 

2 

76       Number  and  Dmri^tum  of  the  Ariillery,  i^c, 

3*  TM  total  qiimtitict  of  powder  and  of  projeetSItt  to  lie 

delivered  to  vessels  of  all  classes,  may  be  determined  from  tlie 
tables  *  which  accompany  these  rlii  ectioiis. 

4»  When  vesseis  which  are  not  included  in  this  table  re- 
quire amnniiltion  for  exercise,  the  quantity  is  to  be  determined 
hf  a  pw|iortioii  yvbkk  will  allow  each  captain  and  second  cap- 
tain of  a  gun  to  fire  fiAeen  times  in  a  year.  In  all  daasci  of 
ships  below  frigates,  the  proportion  is  to  be  estimated  at  twenty 
times  in  a  year. 

The  charges  of  powder  are  to  be,  for  cannon,  one-fourth  the 
weight  of  the  bullet ;  and  for  carronadei,  the  same  as  those 
tlftHMrinml  itt  file  4th  article  of  the  preceding  order,  (pege  74  •) 
1 5.  When  ships  are  stationed  cither  in  the  roadsteads  of  the 
ports  of  France,  or  in  the  French  colonies,  the  commanders 
are  directed  to  exercise  the  crews  weekly,  or  fortnightly,  as  may 
be  found  necebbary,  from  the  progress  made  by  the  men^  tiie 
exercise  not  to  exceed  three  discharges  for  each  captain  and 
seeond  captain  of  a  gnn.  . 

'  Tlieammnnition  eiqpended,  in  this  manner  Is  to  be  rcplaoed 
iflunedialelyy  in  order  that  there  may  bf  no  intermission  in  thia 
practice, 

SMALL*ARlff8* 

6.  The  cartridges  for  exercising  small-arms  are  to  be  de- 
livered in  the  proportion  of  fifty  for  each  musket  and  carbiue^ 
that  is^  forty  ball  cartridges  and  ten  blank  cartridges*  * 

7.  The  ball  cartridges  will  be  similar  in  every  respect  to 
those  delivered  for  actual  combat,  but  the  hhmk  cartridges  will 
be  made  of  inferior  powder  ;  the  quantity  for  a  charge  will  be, 

"For a  musket       -  ,0083  kilogrammes. 

And  for  carbines        -       -  "  ,00625  ditto. 

8.  This  powder,  both  for  the  artillery  and  the  small-arms, 
will.be  delivered  in  copper  cases,  .hermetically  closed,  similer 
to  the  l^der  delivered  for  actual  combat* 

'  The  fi^e  [M>wder  for  priming,  in  grain* 

.  Ttie  poiiMer  for  the  artillery  And  small  arms,  in  icartridgcs. 


'  The  tables  here  mentioned  contain  the  total  quantities  of  powtler,  ball,  &c. 
&6.,  estimated  from  the  direetiona  wlucb  are  here  given,  to  ^icilitate  lh6  deii- 
«wy  of  the  tanoiu  ilorislo  sUpslCiiig  ML 
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iD,  Whenever  it  m  not  ponibte  to  fonMrtlwie'oopfMr  earn 
to  a  slup,  the  powder  w  to  be  delmred,  one^tfM  &i  cattridges, 

and  the  remaining  two-thirds  in  grain. 

Tke  MimiUr  Seereimy  ^  Siaiefar  the  Marine  and  Colome§^ 

(Signed}      Bwon  Hyjus  Nauviuub 

i^lVfMrdl,  JfM,  18S9. 


Art,  V.-^Ohservaiions  on  a  Sfa^'s  Rolling ^  and  the  means 

rendering  ihat  meiian  mare  eaeg  when,U^  viaieni* 
.  John  WilmNj  Esq.  qfthe  Nm/g  Office,  London.  , 

■ 

Thb  subject  of  the  rolling  motion  in  ships,  has  been  treated 
of  by  many  eminent  writers  on  naval  construction  ;  and,  as  far 
as  the  various  weights  which  compose,  or  that  are  plaeed  in  • 
ship,  affect  her  rolUng,  when  that  operation  has  cooMKMedy 
every  llung  has  been  explained  n^iieh  is  neeessaiy  to  a  dear 
understanding  of  the  subject.  The  first  cause  of  a  8h^>'s 
rolling  is  generally  stated  to  be  the  impulse  of  a  sea  on  her  side, 
in  a  direction  pointing  above  her  centre  of  gravity.  That  such 
an  impulse  would  heel  the  ship  until  her  stability  overcame  It^ 
is  certain  ;  but  it  is  probable  the  principal  efiect  of  such  a  blow 
would  be  the  shock  it  would  cause ;  and  the  ^tp  would  d6 
little  more  than  recover  her  former  position  ;  so  that  her  rolling 
motion  would  be  trifling.  Chapman,  in  his  chapter  on  rolliug 
and  pitebiog,  only  takes  this  view  of  the  cause  of  a  ship's  coin- 
meneing  rolling  into  consideration,  although  he  says,  and  the 
tsfltimony'  of  all  seamen  confirms  His  observaUon,  that  '^tbe 
rolling  seldom  takes  place  except  when  the  ship  sails  bdbre  the 
wind,  and  she  rolls  more  when  a  short  time  previously  the  wind 
had  blown  from  another  quarter ;  as  the  waves  continue  to 
coaae  in  this .  direction,  the  vessel  rolls,  although  there  does 
not  appear  to  be  much  swelU"  It  therefore  appears,  that  the 
impulse,  or  blow  of  a  sea,  is  not  the  chief  cause  of  a  ship's  be* 
ginning  to  roll,  but  that  it  arises  from  the  undulations  of  the 
waves }  and  in  the  succeeding  pages  of  this^paper  it  is  proposed 
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to  investigate  this  cfeiise,  and  to  add  «ome  ob^ervftiions  on.the 
i|ieani  of  disuQtaluiig  unouiy  and  t 

side  apd^si^s  oti.  th$j>tH^r8ide  pf  l^er  y  let  us  fiuppoa^ 
l^'alieredfi^tl^etiorf^^  fig.  13,  t6th^tfh'i&w,'ifie' 

centre  of  displacement  D  would  be  removed  to  rf,  the  displace- 
ment pressing  peipcudu  uLu  ly  up\\ard8  in  tlie  tiirectiDii  dy^  the 
cemie  ol  gravity  G  not  beiug  in  this  line  of  Mijipurl,  the  ship 
Ivottld  begin  to  tarn  round  her  axis  of  rotation  (which  in  this  case 
18  represented  aa  the  metacentre)  until  her  centre  of  gravity  meeta 
file  line  of  support  dg^  in    in  which  position  the  wave  will  have 
^  jHbHr  pftw^^^^  ^^  YmtrfMA:  ^li^  is  proper  lt^  obien4  hl^re, 
that  the  incliiuition  oi  the  side  of  the  wave  on  w  hicli  tlie  ship 
floats  is  rotitinuaiiy,  and  by  imperc t'])til)k^  degrees,  changing 
from  an  horia^ontal  position  to  its  greatest  angle  of  inciination^ 
Mwte  wwig^ therffefc ■  the  force  to  torn  the  ship  eteefmfi* 
bl9w'4!fgredBpini>  Jong,  befopaahe  hu'strmd  at  thatrsn^ftp 
af  rallagywlDcKren  a  tnall  indimtiin  of  the  side  of  a -wave* 
wonld  give,  an  opposing  wave  arises  oir  the  other  side  of  the^ 
i>\\\\s^  aiid  prevents  her  tiirther  deprrssioii.    This  operation  is 
not  at  all  like  the  effort  of  an  impulse  which,  by  raising  her 
centre  of  gravity^  and  then  precipitately  leaving  her,  would  kfer 
hefwlail  down  suddenly^  and  thua  cause  a  jerking  rootian;  :  r.ui 
r .  ^Fha  Mder  will  readily  perceive  that  the  strength  of  tha  ttniim 
eiiey  of  a  shlp^  to  commence  rolling,  will  be  determined  hy^lha? 
distance  of  the  centre  of  gravity  from  the  metacentre,  compared 
with  the  distance  of  the  centre  of  displacement  from  the  meta- 
centre.   To  prove  how  this  view  of  tiie  subject  is  borne  out  byt 
iaaisylboaa  QcntreSy  namely,  the  centres  of  gravity,  the  ^totliii. 
0ittCfi;^.ia|id'  the  centre  of  displaeement,  have  been  accMiatrfyr 
eakulatad  for  a  great  variety  of  ships  |  diey  are  exhibkid'iM^ 
figures  18, 14,  15,  16,  17$  and  18,  which  are  drawn  principa!l)^ 
to  show  the  tendencies  which  tlie  several  clauses  of  sldps  in  the  ■ 
British  navy  have  to  roil.    AB  is  an  horizontal  line,  and  is  Uie 
loadwatee  iiae  of  the  ships  when  in  an  uprijLi^ht  position ;  abf 
m  aU  drawn  to  an  angle  of  15^  from  the  horiianftalf 
Uaty-hfiiig  tho  iiicliiialieiD  which- the  .tide  of  ite  ^vave  lsfMpR 
IMaedto-haya'aiMtmed )  I),  D,  &c.,  the  CMltret  of  cUep]aceilMil| 
when .  the  suifact:  of  the  ^ea  \^  level  ^  dy     ^c,^  tiie  centres.  9$ 
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displacement  when  the  side  of  the  wave  has  the  above  incli- 
nation; G,  G,  &:c.  the  centres  of  gravity  when  the  ships  are 
%  Hpright,  and  g,  t/,  &c.  the  same  centre  when  the  wave  has 
ceased  inclining  the  ship  ;  M,  M,  &c.,  the  metacentres.  The 
degrees  of  inclination  show  the  strength  of  the  tendency  of  the 
several  classes  of  the  ships  to  commence  rolling;  fig.  13,  shows- 
this  tendency  in  the  Caledonian,  of  120  guns;  she  was  the 
only  ship  of  that  class,  when  these  calculations  were  made, 
whose  sailing  qualities  had  been  tried.  Her  tendency  to  roll 
is  the  greatest  of  all  the  classes,  its  representative  number 
may  be  taken  at  46,  the  number  of  degrees  she  would  heel 
on  the  side  of  a  wave,  if  it  had  a  permanent  inclination  of 
15?.  She  is  reported,  by  her  officers,  in  their  official  commu* 
nications,  "  to  roll  in  the  trough  of  the  sea  quite  easy.'*  Fig. 
14,  exhibits  the  rolling  tendency  of  the  class  of  74-g\m  ships, 
of  which  40  were  built  from  the  same  draught ;  and  the  three 
centres,  that  of  gravity,  of  displacement,  and  the  metacentre, 
were  calculated  from  the  average  draught  of  water,  weights, 
&c,  of  the  following  ships  of  that  class,  taken  promiscuously  : 
Armada,  Cressy,  Poictiers,  Conquestadore,  Glocester,  Blenheim, 
Rippon,  and  Clarence.  The  reports  from  their  officers  state 
that  they  rolled  "  tolerably  easy''  in  the  trough  of  a  sea;  their 
tendency  to  commence  rolling  is  indicated  by  31^?,  being 
one  third  less  than  that  of  the  Caledonia,  ariwiiig  from  the  dis- 
tance between  their  mctacentres  and  their  centres  of  gravity, 
being  greater  in  proportion  to  the  distance  between  their 
metacentres  and  their  centres  of  displacement,  than  is  the' 
case  in  that  ship.  The  next  figure  (15),  shows  the  effect  of 
the  wave  on  two  frigates,  of  46  guns,  built  from  a  draught 
similar  to  that  of  the  French  Hebe  ;  their  names  were  Leonidas 
and  Shannon  ;  their  tendency  to  commence  rolling  is  as  264?  5 
they  were  reported  to  roll  "  deep  without  jirkinff."  Fig.  16 
shows  the  like  effect  on  a  class  of  brigs,  almost  innumerable, 
those  of  18  guns;  eight  were  taken,  without  selection,  for  the 
calculations  ;  namely,  the  Alert,  Scylla,  Castilian,  Persian,  Cha- 
rybdis.  Crane,  Espiegle,  and  Pelican  ;  their  rolling  in  the 
trough  of  the  sea  is  stated  to  be  easy  ;  their  disposition  to 
roll  is  indicated  by  24^?.  Fig.  17,  exhibits  the  tendency  to 
roll,  of  the  brigs  of  10  guns,  a  class  nearly  as  numerous  as  that 
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80.    Observations  on  a  Ship's  RolUng,  and  the  Means  of 


of  the  brigs  of  18  guns.  They  are  stated  to  roll  "  middling 
easy,"  and  their  aptness  to  commence  rolling  is  shown  by  2li?» 
The  last  in  the  series,  fig.  18,  represents  the  rolling  of  the  An- 
son, of  38  guns  ;  she  had  been  a  64-gun  ship,  and  was  cut  down 
to  a  frigate ;  the  nmber  of  degrees  showing  her  tendency  to 
commence  rolling  is  ISJ?,  and  her  rolling  was  exceedingly  vio- 
lent. She  was  cut  down  in  the  year  1 794 ;  and  although,  in  all 
other  maritime  states,  the  science  of  naval  construction  was  well 
understood,  yet  so  culpably  ignorant  were  the  English  construc- 
tors, that  this  operation,  so  well  calculated,  when  properly  con- 
ducted, to  produce  a  good  ship,  was  a  complete  failure.  Seven 
feet  of  the  upper  part  of  the  topsides,  together  with  a  deck  and 
guns,  making  about  160  tons,  were  removed,  by  which  her  sta* 
bility  was  greatly  increased ;  but,  by  a  complete  absurdity,  the 
sails  were  reduced  one-sixth  in  area.  In  her  first  voyage  the 
rolling  was  so  excessive,  that  she  sprung  several  sets  of  top- 
masts. To  mitigate  this  evil,  in  1795  her  masts  and  yards 
were  increased  io  their  original  size ;  but  as  there  was  no  de- 
crease of  ballast  she  was  still  a  very  uneasy  ship,  and,  as  a  ne- 
cessary result,  her  wear  and  tear  were  excessive. 

Other  sixty-fours  were  cut  down,  masted,  and  ballasted  in 
exactly  the  same  manner,  and,  it  need  scarcely  be  added,  expe- 
rienced similar  misfortunes  ;  and  although  they  were  improved 
by  enlarging  their  masts  and  yards,  they  were  still  bad  ships. 
Had  their  transformations  been  scientifically  conducted,  a  class 
of  frigates  would  have  been  continued  in  the  navy,  capable  from 
their  size  of  coping  With  the  large  American  frigates ;  and  thus 
the  disasters  we  experienced  in  the  late  war,  from  the  superior 
force  of  the  frigates  of  that  nation,  would,  without  doubt,  hava 
been  not  merely  avoided,  but  turned  into  occurrences  of  a  quite 
opposite  character. 

■  By  referring  to  the  series  of  figures  from  13  to  18,  and  com- 
paring them  with  the  actual  rolling  of  the  ships,  the  accounts 
of  which  are  taken  from  official  documents  furnished  by  their 
commanders,  it  will  be  seen  that  the  greater  the  tendency  to 
commence  rolling,  indicated  by  the  representative  numbers,  the 
easier  was  the  rolling  motion  ;  but  as  there  is  another  condition, 
when  a  ship  has  commenced  turning  on  her  axis,  which  greatly 
modifies  this  action^  it  will  be  necessary  to  advert  to  iu  Writers 
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&a  notary  motion  state^  and  their  statement  is  of  easy  proofs 
that  when  a  Infdf  revolves  in  free  space^  it  turns  on  an  axis  paii* 
ingthroiigliitaeentreof  grsvity:  abo^^hat  when  a  system  of 
hodie»is  snspeniM  on  an  axls^  the  Imie  of  a  vibiration  »  deter- 
tiined  by  the  distance  of  the  centre  of  oscillation  from  the 
axis,  which  centre  is  found  by  multiplying  every  particle  by  the 
square  of  its  distance  from  the  axis  of  suspension,  and  dividing 
the  sum  of  all  these  products  by  the  product  of  the  whole  quan- 
tHPfef-niMei'multiplied  byihe  distance  of  iu  centre  of  gravity 
ftttM^^MMe  axis.   Some  writers  on  the  rolling  of  shipi^  con- 
iidHI'^he^ilMe  of  these  propositions  applical^  t<l^'8ieli"8Qbjcet; 
hut  that  they  are  in  error,  we  may  conclude  from  tlie  refleetion^ 
that  not  only  are  the  keel  and  sharp  parts  of  the  ship  forward 
and  abaft,  but  also  the  displacement  of  water  on  the  immerged 
side^  is  so  powerfally  opposed  to  such  a  rotation,  that  it  would  be 
saddenlf  stopped.   Oh  thie  tontrary/  other  ^^ters,  and  Chap- 
man among  them,  whose  name  aloneii  a^lioR  on  snljects  of 
naval  science,  consider  the  axis  of  rotation  to  pass  trough  the 
metaceiitre,  and  that  the  second  proposition,  that  for  finding  the 
centie  of  oscillation,  strictly  applies  to  a  ship's  rolling ;  in  which 
Opinion  the  Chevalier  BarraVlier,  who  Was  the  first  man  in  Eng- 
land who  endeai^med  to  introduce  scientific  principles  in  the 
conaCnieliottof  ships,  perfectly  eoincidedr  The  latter  view  of  thA 
ease  will-be  best  illnstrated,  perhaps,  by  tdunghitonutiiSdosidefn* 
tion  the  rolling  of  a  cylinder  floating  longitndmally  on  the  water ; 
now,  as  all  the  action  of  the  water  is  perpendicular  to  the  sur- 
face, the  direction  of  its  force  is  all  to  the  centre  of  the  cylinder ; 
and  when  rolling  takes  place,  the  operation  must  be  precisely 
ihesttrae  as  though  th«i  bodjrwas  suspended  at  that  centre;  this 
•point  is  evidtotly  the  metacentre:       '     "  * 
-  To  apply  these  principled  tO*the'|^CtiCal  ditnihWtitfn  of  the 
Violent  rolling  of  a  ship,  we -should  first  ascertaih' the  stability; 
if  k  is  more  than  is  necessary  for  keeping  the  ship  sufficiently 
l^rfght  against  the  pressure  of  her  sails,  the  most  efficacious 
jvay  of  diminishing  her  foiling,  is  to  wihg'  up' the  ballast ;  be- 
aum^  in  the  fitst  plac^,  it  irdaes  the  id^ntte  of  gravity,  which 
tbrings  the^hip'  nearer 'to  the  ktale  of  the  Caledonia,  iihown.  hi' 
Fig.  13,  and  which  ship  is  repoVted  to  *  i^l  ^iTite  teasyj  and^ 
ia  the  next  placcj  it  increases  the-  distttce  of  the  centre  of 
vol.*  IIU  ^ 
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«rii|g%  itveii  if  |ilM«4  as  l^igk  M 

cmtft  «•  llHlisli  it  wm  in     hold;  and cameqnentlyt  ito  weighs 

multiplied  by  tlie  scjiiare  of  that  distance,  is  the  same  as  before  j 
therefore,  the  sum  of  the  products  of  every  particle  in  the  shipj 

mltiplied  by  the  a^uare  of  their  4i$taiiea  fvom  the  point  of  »u&^ 
piMie%  ia  the  aatoe  aa  before  $  but  thta  aum  baa  «6  tie  ittfiM 
bj  the  i«aiglil  of  ths  ahip»  in«ld|iliedl  by  the  diatanfii  be^reni 
tbemellieeillre  and  the'eentra  of  gnn^tyy  whieh  dittanec  lwnt 

diminished,  the  quotient,  which  is  the  distance  of  the  (  <  ntre  of 
oscillation  from  the  axis  of  suspension,  is  proportionately  in- 
ereatad,  cotisequeptiy^  the  rolling  from  this  cause  aUa  will  bc^ 
slower*  If  the  wm  q  Witity  oi  ballaal  was  takea  out  of 
ifalp^  the  first  of  thaae  ecMisea  would  operate  preoisely  the  uimh 
the  teeond  wouhk  be  le^s  powerful ;  but  at  the  same  dme  It 
should  be  recollected,  that  lessening  the  weight  of  a  ship,  re- 
duces tlie  area  of  the  immersed  part  of  the  niidiiiijj  section, 
and  ai»o  in  other  ways  fenders  the  iresistance  less )  and^  there- 
fMroi  as  ^uieh  sailh^  is  always  an  objeet  of  inportaiice^  tl^o 
redettiiA  of  th#  ^oaotily  of  jMbhst  le  geiieralfy  to  be  pre* 
lerredi  cfeO  at  the  expense  of  a  little  less  easy  rolling.  If 
the  ship  should  have  no  .surplus  stability,  the  masts  and  yard:* 
must  be  reduced  so  as  to  give  lier  such;  and  then&he  will  be  in  the 
same  case,  as  in  the  former  supposition.  Other  mi^aias  may  be 
used,  either  with  or  without  alterii^  the  position  or  tabiug  away 
a  pM  of  the  ballast }  the  eables^  sfaot»  stores  of  various  kinds^ 
4e>e*»  way  b«  t>keed  nearer  the  aidoy  which,  without  i^ecting  the 
stahilityi  would  increase  the  distance  between  them  and  the  axi% 
of  rotation,  and  consequently  lengthen  the  time  of  a  vibration* 

It  is  by  no  means  a  dilhcult  task  to  reduce  a  ship  of  extraor- 
dlaaiy  stability,  which  is  always  an  uneasy  onoi  to  a  alato  of 
eeay  lolU^  Theio  eaa  be  no  doubt,  bvt  that  had  the  G4-gii« 
ibipsfe  wbicb  have  been  abaadty  attuded  to^  wtim  they  were 
cut  down,  had  their  masts  and  yards  a  little  increased,  instead 
of  their  being  reduced  to  a  38-gun  ship's  masts  and  yards  j  and 
bad  half  their  baUast  been  taken  out,  and  at  the  same  tiae^  bad 
their  guns  been  ch^ed  far  ^tiam  <tf  a  laifer  caHbve^  bslet^ 

Of  mm  of  ibea^  Uwng^  a  mvllm     wonW  liw  btgn  mf^ 
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would  have  sailed  better  than  any  class  of  ships  then  in  the 

navy,  and  the  expense  of  their  wear  and  tear,  would  not  have 
exceeded  the  ordinary  amount. 

.  Should  it  be  thought  proper,  in  order  to  improve  the  qualities 
of  the  brigs  of  ten  guns,  to  form  a  new  construction  retaining 
tlieir  present  tonnage,  their  breadth  should  be  increased,  and  their 
length  diminished  in  proportion  ;  the  increase  of  brcadtli  would 
raise  the  metacentre,  and  allow  tiie  centre  of  gravity  to  be  also 
raised  nearly  the  same  quantity,  the  centre  of  displacement 
should  he  kept  as  low  down  as  the  present  brigs  have  it.  These 
alterations,  as  regards  their  rolling,  would  give  them  a  better 
proportion  between  the  distance  of  the  centre  of  gravity  from 
the  metacentre,  and  the  distance  of  the  centre  of  displacement 
from  the  metacentre.  A  less  portion  of  ballast  should  be  put 
in  them,  and  guns  of  a  larger  calibre  should  be  placed  on  their 
decks,  this  would  raise  the  centre  of  gravity  the  requisite  quan- 
tity, and  at  the  same  time,  the  centre  of  oscillation  would  be  at 
a  greater  distance  from  the  axis  of  rotation.  As  the  stability 
would  be  greater,  the  masts  and  yards  should  be  enlarged,  which 
would  enable  them  to  overcome  the  additional  resistance,  arising 
from  the  small  increase  of  the  midship  section.  It  may  therefore 
be  concluded,  that  the  alterations  suggested,  would  give  them 
the  advantage  of  easier  rolling,  with  a  superior  armament. 

'  — *— — — 

Art.  VL-'Method  of  fitting  the  Riding  Bitts  of  Ships  idth- 
out  Cross-pieces;  and  a  Method  of  fitting  a  Launch  or 
Long-boat,  to  carry  out  or  weigh  a  Bower  Anchor,  By 
Captain  the  Honourable  Georgk  Elliot,  R.N. 

(7*0  the  Editors  of  Papers  on  Naval  Architecture.) 

t 

GfiNTLUMBN^  ' 

I  SEND  you  an  account  of  two  of  my  late  propositions,  which  as 
they  apply  to  all  descriptions  of  ships,  you  may  think  worthy  of 
notice  in  your  next  number  of  *  Papers  on  Naval  Architecture.* 

I  remain.  Gentlemen, 

.  Your  very  obedient  servant, 

Geo.  Elliot, 

*  H.M,  Ship  Victoty,  DecTlh,  imi  ' 

g2 
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Method  of  fitting  the  Mid^  BUU  of  Sk^  without 

The  cro89«pieceft  of  the  riding  Iritto  of  ships,  which  am  much 
hi  the  way,  and  an  unnecessary  weight  on  hoard  ship,  may  he 
done  away  with,  by  the  following  method  of  fitting  the  bitts. 
The  bitt-licads  must  he  rounded^  and  as  usual  for  chain  cables, 
cased  with  iron ;  hut  the  iron  casing  mi^t  ba  carried  lower  than 
when  fitted  with  cross-pieces^  and  there  must  he  a  prcjectioii  on 
the  after  ride,  to  prevent  the  cable  from  rising.  Vig.  19  repre* 
sents  a  bitt-head  so  fitted;  the  part  abc,  shows  the  iron  casing, 
c?  U  a  projection  of  tlie  iron  to  prevent  the  cable  from  rising,  e 
is  an  iron  plate  on  the  upper  side  of  the  standard,  on  which  the 
cable  runs ;  and  /  is  a  hole  passing  throng^  the  bitt-head,  in 
which  a  handspike  is  placed  to  keep  down  the  cable>  when  a 
hempen  cable  is  used.  A  roller  is  used  on  the  after  bitts,  to 
support  the  cable  in  heaving  in.  The  cable  leads  from  forward 
under  the  projection,  round  the  bitt,  and  then  passes  over  the 
projection  aft. 

The  standard  on  the  fore  side  of  the  bitt,  keeps  the  cable  tip 
after  the  turn  is  taken ;  and  as  there  is  as  much  surface  exposed 
to  the  friction  of  the  cable  on  the  whole  drcle,  as  on  the  half 

circles  of  the  bitt-head  and  cross-piece  in  the  old  manner,  equal 
security  is  afforded.  The  cable  by  this  method  is  brought  much 
lower  on  the  bitt-head,  which  wiU  therefore  not  work  so  much 
as  with  the  cross-piece. 

In  new  ships  the  bitts  should  have  a  sufficient  Take  aft,  to 
give  the  cable  an  inclination  to  go  downwards  when  a  strain  ia 
brought  on  it.  •  '         •  -  i?, 

It  has  been  higlily  approved  of  in  H.M.  ships  Briton,  Galatea, 
and  Undaunted,  where  it  has  been  some  time  on  trial.  The 
weight  removed  from  the  Briton,  by  this  mode  of  fitting  her  bitts, 
was  neariy  sixty  hundred  weight,  exactly  the  weigtit^of  her  two 
fortetostle  gims. 

.  Method  o/fiitintf  a  Lmtneh  or  Long^boat^  to  carry  out  or 

weigh  a  Bower  Anchor, 
It  is  only  necessary  to  fit  a  windlass,  about  three  feet  longer 
than  the  extreme  breadth  of  the  boat,  resting  on  the  gunwales, 
wilh  the  projecting  ends  tapering  outwards.  One  part  of  a 
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donble  Imoy  rope  k  brought  to  each  end  of  the  windlass  in  the 

usual  way.  Fig.  20  represents  the  transverse  section  of  the  boat, 
a  a  are  the  projecting  ends  of  the  wiudlasa.  to  which  the  ends 
of  the  liuoy  rope  are  brought^  whicli  pass  round  the  flukes  of 
the  aiielioif  when  suspended.  The  endis  ot  the  wiodJass  rest  on 
atroDg  chocks  fitted  on  the  gunwales  of  the  boat,  which  must  be 
strongly  framed  and  well  secttre<l  to  sustain  the  weight. 

The  advantages  of  this  plan  consist  in  the  extreme  siaiplicity, 
and  the  great  we,  with  which  the  anchor  is  placed  on^  or  taken 
off  the  boat/^ 

Left  the  'WMhor  be  hung  to  the  windlass^  over  the  ends  of 
windtpnt  ftfeir  of  ^ings,  bb^  and  lower  the  anchor  about  thiee 
feet  under  water^  eitlier  from  the  cat-head  or  the  bowsprit,  as 

may  be  convenient.  Then  haul  the  boat  in  between  the  buoy 
rope  under  the  windlass,  and  lower  away,  till  the  boat  gets  the 
weight;  unhook  the  cat,  and  the  boat  is  free*  Thus  the  boat  ^ 
need  not  be  above  a  minute  under  the  bows,  or  in  a  situation 
where  she  is  likely  to  reeeive  any  damage. 
/  In  a  boat  eight  feet  wide,  1  had  four  bets  of  lioles  for  the 
handspikes  (which  were  6  feet  long)  ;  thus  admitting  of  eight 
being  shipped  at  a  time,  four  horizontally^  and  four  perpendicu- 
hariy.    With  a  rope  to  the  end  of  the  upright  bar,  1  found  that 

.  we  could  heave  up  an  anchor  of  forty-eight  hundred  weight 
with  only  two  bars.  The  whelps  of  the  projecting  ends  of  the 
windlass  were  twelve  inches  In  diameter  at  the  largest  part. 

There  would  be  no  dang:er  of  upsetting  the  boat  in  case  of 
one  rope  giving  way,  as  by  tiie  force  acting  at  one  end  of  the 
windlass,  the  other  end  would  imniediately  rise,  and  the  wind- 
lass would  then  be  turned  off  the  boat;  or,  if  the  other  end  was 
eutgedj  it  would  fly  off  the  end  of  the  windlass.  I  found  that  one 
w  two  fore  and  aft  bars  would  answer  the  purpose  of  a  paul,  a  man 
attending  each  to  hhip  it,  and  letting  the  end  rest  on  the  thwarts. 
'  If  the  anchor  is  to  be  carried  out  from  the  ship,  it  will  hang 
better  by  both  flukes,  or  by  the  stock,  than  with  the  buoy  ropes 
Inadeiast  in  one  pia(<ee.  To  let  go  the  anchor,  make  a  stopper 
Ibstito  each  buoy  rope  at  the  water's  edge;  take  a  turn  round 
the  windlass  wHh  the  inner  end  of  each  stopper,  and  lash  their 

.  ends  together;  surge  the  buoy  ropes  and  take  off  their  turns, 
#nd  cut  th&:(a8bing  of  the  stoppers  when  required  to  be  let  go* 
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Art.  Vl\.—NoHee<^**A  TreatUe  onMaMng  8h^,  imdHioBU 

making.  By  John  Fincham^  Superintendent  of  the  School 
qf  Naval  ArcMleciure,  in  H.  M>  Dock-yard  at  Portsmouth!* 

« 

Thb  autluMr  of  this  work  publiflhed  a  few  yean  ago  a  eoMll 

treatise  on  mast-making  for  the  use  of  the  students  in  the  School 
of  Naval  Arcliitecture,  whose  education  in  the  pmctical  part  o£ 
ship-  huiiding  he  has  directed  for  many  years.  The  usefulnesa 
df  thie  littlie  wark  was  considerable^  but  it  was  found  to  be  not 
iiifficieiidy  extensive  I  and  the  present  work  was 
supply  the  defioieney* 

StccTs  treatise  on  mast-making,  was  for  a  long  time  the  on|]f 
work  on  the  subject  in  this  country,  and  deserved  all  the  favour 
it  received;  but  from  the  numerous  improvements  since  its  pub« 
lieation^  a  new  work  on  this  subject  had  become  necessary*  It 
may  also  be  observed,  that  this  work  related  only  to  the  prae« 
tiet  4»f  nast^nakangi  not  giving  the  principles  on  whieh  it 
depends. 

The  author  of  the  present  ^vork  treats  ou  the  subject  under 
the  following  heads:  general  observations  on  masting  ships 4 
dimensions  and  proportions  of  masts  and  yards ;  the  timber 
.  used  fox  masis|  its  conversion;  the  practical  operations  in 
mast-making  ;  and  the  famiture  of  masts  and  yards. 

The  subject  is  treated  so  far  theoretically,  as  to  show  the  true 
principles  oa  which  the  masting  of  shipis  depends  ;  but  on  the 
whole,  this  ^VQrk  is  rather  to  be  received  as  an  account  of  the 
results  of  experience|  than  as  a  treatise  dependent  00  theore- 
tical investigation. 

The  correct  masting  of  ships  depends  on  giving  the  masta 
and  yards  such  lengths^  and  on  so  disposing  the  roasts^  that  the 
moment  of  the  sails  may  be  in  such  a  proportion  to  the  moment 
of  the  stability  of  the  ship,  that  when  sailing  on  a  wind^  the 
ship  may  not  iacHne  too  £ar  j  that  the  height  of  the  centre  of 
effort  of  the  sails  may  be  so  situated  with  respect  to  the  direc« 
tion  of  the  resultant  of  the  water  when  the  ship  is  going  iree^ 
that  the  ship  may  neither  incline  forward  nor  abaft ;  and  that 
the  centre  of  effort  as  to  the  length  of  the  ^hip^  may  be  so  situ^ 
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* 

•tM  ii4ch  nqiMl  to  Uw  diiMlicNi  of 

when  sailing  close-hauled,  that  the  ship  may  coma  ttadiiy  to 

windward,  and  work  well.  The  latter  considerationB  are  attended 
with  ^at  difficulties.  iMany  valuable  observations  are  made 
hy  the  authoTi  which  evince  considerable  am^naintante  with  ^ 
Mbjaat* 

Ouofiumn  hat  given  a  eonreeC  matfaad^  of  dataffaining  iIm 
*  Imigth  of  tho  masts  and  yuds  in  proportion  to  the  stability^  for 

ships  of  the  line,  in  which  their  relative  proportions  arc  deter* 
mined  according  to  experience  ;  in  which  the  ships  are  supposed 
not  to  incline  more  than  seven  degrees,  when  sailiag  dose* 
hauled*  Mr*  Finoiiam  f^vee  a  table  shewing  the  propottioa 
tietweea  the  nMBMiit  of  sails  and  the  nwnent  of  atiMlity,  9m 
dflflavMit  elttsees  of  sh  ips,  supposing  the  ineltnation  of  the  ^ip 
to  be  ten  degrees,  which  he  first  published  in  an  article  on  the 
small  class  of  frigates^  in  the  hrst  volume  of  ^  Papers  on  Naval 
Afehilectiiie.' 

In  this  tahfe  the  memente  of  the  sails  and  of  tha  alaUlity 
^lfe  erieolated  ftem  the  loadwater  aection^  oa  the  suppositioi^ 
that  the  centre  of  gravity  of  the  ship  is  in  that  pl#ne.  If  these 
moments  had  been  determined  from  the  true  situation  of  the 
centre  of  gravity  of  the  ship,  the  moment  of  the  sails  wonld 
have  been  dkninished^  but  in  a  less  proportloa  than  the  aieeaeat 
of  Btahifity^  that  the  tefins  fai  the  lowest  eeUflMy  wUeh  am 
Ibnnd  hy  dividing  the  flMNnenl  of  sails  by  the  inoiiienl  of  itabft- 

lity,  would  be  rather  greater  than  are  shown  in  this  table. 

Rules  have  been  given  for  deterniiiiing  the  lengths  of  the  masts 
and  yards  of  ships  in  relation  to  their  stability  |  hut  the  difli^ 
enlty  of  using  the  Ibrmida^  hat  prevented  this  correct  mtthed 
from  being  adopted  by  this  author.  We  do  not,  howevcrf  6e*» 
aider,  that  the  dtffieelty  of  the  operation  ia  by  any  rnearn  a  anf- 
ficient  excuse  for  neglecting  it.  There  is  no  occasion  for  the 
calculation  of  the  lengths  of  masts  and  yards  of  ships,  to  be 
ever  left  to  the  determination  of  merely  practical  men  t  tables 
eonUI  be  made  for  all  elasaea  of  shipS|  in  which  the  lengths  and 
diameten  of  all  the  masis  and  yards  might  he  given  hi  Mneir 
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dimeonon^  and  not  in  proportion  to  the  lengths/ipd.UiiM^i 
<tf  the  ships. 

Mr.  Fincham,  however^  observes,  in  favour  of  the  method  at 
present  used,  "the  common  rule  lor  determining  the  masts  aad^ 
yards  by  the  length  and  breadth  of  the  vessel^  has  been 
by  long  use,  and  may  be  considered  equaUy  good  with  any  of  tte 
nites  at  present  ghreii  as  approximations;  for  the  yards  must  be 
governed  by  the  length,  in  order  that  the  sails  may  have  a  buit- 
able  spread;  and  the  breadth,  which  determines  the  length  of 
the  masts^  that  they  may  have  proper  support  by.  the  8prea4  of 
the  rigging,  has  the  greatest  influence  on  the  stability."  . 
^  Agreeably  to  this  method,  the  author  has  ghren  Is  very  velH<t 
iible  ediltetioh  of  tables,  showing  the  lengths  of  the  masts  of  all 
classes  of  vessels  distinguished  by  their  breadth,  and  the  lengths 
of  the  yards  of  all  classet)  of  ships  distinguished  by  their  lengthy, 
in  feet  and  decimal  parts  of  a  foot.    Ta^es  of  the  diameters  of 
all  masts  and  yards  are  given  in  inches  agreeably  to  (heir  l^tl^ 

86me  general  ohservotioni  a^e  offered  on, the  position  of  Uie 
mitle  of  effort' of  the  sails,  when  a  ship  is  sailing  on  a  wind, 
which  depen43  on  the  resultant  of  tlie  direct  and  lateral  resist- 
ance of  the  water  on  the  ship's  body,  which, the  aijthor  qbs^ve^ 
will  be  seen  by  a  reference  to  an  estample  given  in  ^Chapm9^*« 
Treatise  on  Shipbuilding/ chap.  IQ^ooto^lyto  faealten^ed^wilii 
A  coiinderable*degree  of  .'undertatnty,  from  oi|r  imperfect  know- 
4edgedf  the  action  of  fluids^  and  in  fixing  the  proper  angle  of  the 
lee-way  ;  but  to  be  attended  also  with  considerable  trouble,  from 
the  extent  of  the  calculations  required."    Frequent  references 
are  made  to  the  e^cell^t  observations  of  Lieut.  Carlsund  and 
Mr.  Henwoodyia^  several  articles  on  this  i^bject  ip  *  R^era^op 
^avai  Arehitfecture/'         ..  . 

On  the  proportion:  between  the  moments  of  sail  forward  and 
abaft,  taken  from  the  middle  of  the  length  of  the  water-line, 
the  author  has  made  similar  remarks  to  those  he  published  in  Art. 
47^  vid.  \^  on  the  elements  of  smallfrigates.  Heobeerves^^'tluijt 
the  moment  of  sails  forward  in  comparison  to  the  moment  of 
■ails  abaft,  of  several  ships  that  were  fonnd  to  work  h  ell,  accord- 
ing to  the  reports  given  by  experienced  officers  on  board  thcm^ 
v^aried  from  I  :  ,72  to  1  :  ,77.  ft  would  appear,  therefore,  ac- 
cording to  the  experience  we  have  from.  good.  «lit|^  that  the 
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relation  6f  tlie  AwwAgnta  should  l>e'  Mmewher^  Wtvifeen  these 
two  liniits;  and  having  determined' this,  ^vhich  may  be  done 
Vith  more  certainty  by  examining  the  moments  of  a  greater 
Miitor^^l'^lHpii^any  little  diaptisition  to  come  to,  or  fisdl  off* 
l^Mg^UhNqii  ht^tdnm^^  Ity  ixJi  attention  to  the  trim,*  nd  tlwr 
iMimt  jAeting  any  odker  quality  of  the  slup/'  A  taUa  U 
given,  showing  the^elation  between  these  moments  for  all  classes 
of  ships;  in  which  arc  also  slinwii  the  situation  of  the  centre 
of  effort  of  the  sails,  and  other  elements,       "  . 
^t^lirthis  table  the  area'  of  the  sails  is  given  in  proportion  to  the 
^Mirftiw^faiwate^  aectioh ; .  Forffui,  in  his  Treatise  on  Man* 
wMhgf  giiMt . diff  area  of  saila  in  proportion  lo  the  pftralielo^ 
gram  circumscribing  the  loadwater  section.    The  former,  cer- 
tainly shows  tlie  area  of  tlie  sails  in  connexion  in  asmaii  degree 
with  the  form  of  the  bhip ;  but  tiie  latter  gives  it  more  in  conr 
iMMity  matb  the  method  fotiowed  by  both  authois  in  detennin^ 
ii4|ilhe  lenjgtitt  efibe  mislftaiid,  yardt'in  lelatida  to  tiie  extMe 
lifttiMi  JBMi'leifcgttef  of  ^  tile  riiips. '  Neither  of  tfacAe  propose 
Uons,  however,  shows  the  relation  between  the  moments  of  sails 
and  moments  of  stabiUty.    By  tliis  method  of  determining  the 
ifngthi  of  the  masts  and  yards,  the  moment  of  sails  is  in  pror 
fmMin  tO'^e  length  and  the  square  of  the  breadth,  or  as  the 
iifciad^ipfpBflBi  nf'tbesiittfaerd^  the  ship,  wbeieat  tltt 

momiftMilStmmlik'  b%ht  t6  :be  determined  in  reSatioii  to  tfca 
stability,  whicli  is  proportional  to  the  length  and  cube  of  the 
breadth,  or  the  fourth,  power  of  the  simple  dimensions  of  the 
*hip«t-?rol  Hrrr-  : '-.M  -J'  '    '     '     '      .         ^'  ^       .  . 

le  liMWftiiiifte  ifciflMftirt  td  wfeSch  the  author  iAlvdes  in  his  pnenl 
obtervKtiona^  as  very  eoikeiderably  affecting  the  resultant  of  th# 
HKBter,  which*  we  believe  he  iias  been  the  first  to  notice :  the 
situation  of  the  centre  oF  gra\ityof  the  vertical  and  luiigitii- 
dinal  section  of  the  siiip,  riiis  element  was  calculated  and 
published  in  an  article  on  tlie  dimensions  and  elements  of  small 
frigatesi  by  this  author,  in  yoU  L  of  ^  Papers  on  Naval  Arehi- 
tectnre*'  Its  importance  \i  not,  however,  established  by  any 
leasoning :  In  fiiet,  we  conceive  that  thif  tmly  advantage  ^vhtch' 
can  be  attributed  to  this  element  above  the  trim  of  the  vessel, 
is,  that  it  includes  the  ditference  of  rakes  of  the  stem  and  stern- 
.posty  which  the  trim  <loea' not  show.   We  dii  not  QoiMider;tbi|C 
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the  trouble  of  the  calculation  Is  compensated  by  iU  Utility,  atid 
llial  generaUy  the  draughts  of  water  forward  and  abaft  will 
feiiodio  be  better  «la|ftted  fof  Mnptntoa^  probabiyy  IbftiMUMr 
iilummiM  iUd  Mol  cwwidcr  it  of  ao  'ttUch  impoflAii^  iMMir 
niiiy  M  eaticeif«5  b«  would  ttat  havv  oniitftd  U  in  tbi.liMiiJif 
tliiiiaiiti  ke  bat  gjven  in  reCemiee  to  tiie  areas  of  aatlt.   "f  .>f 
fnitead  of  deteiuiiiiinu;  the  inain-nui'^t  iuiiuediately  in  pro* 
portion  to  the  breadth  ui  the  ship,  and  the  niaiii*yard  in  propor- 
tion to  the  length,  Mr.  Fincham  tot  delermtnes  the  tuifiiea  «i 
lUi  Hiiat      tUr  imper  poaition^  and  thence  detcrmiiMrthe 
lengthi     the  imaafea  and  yards.   Exanplea  are  givm  laf.  fkm 
proportions  of  the  courses,  top-sails,  and  top-g^allant-saits,  of 
all  rlasies  of  ships^  takiiii^  tfie  liii^-lil  of  tlu'  head  ui  the  top- 
ga^atit-saU  as  a  couMtaut  quantity  in  each  claas,  under  three 
liaails,  d^  caeraea^  deep  top-saili,  and  deep  tbp-gailanUiailM/ 
'  nMr*  CfociUn  ohaerDe^  ^^ih  iixiiig  the  proportiona  of  difcaik 
tails  tor  eadi  oubcr^  m  the  depth  of  top»9ula  to  thst  of  thi 
courses,  of  top-gallant-sails  to  top-sails,  tlte  depth  of  the  top* 
gallant-sails  to  that  of  tlic  courses^  or  the  piopoi  tions  of  the 
aaiia « on  the  fore  and  mi^sen-mafits  to  those  ou  the  raaiti^ 
flHml|j!We  ah«U.  bO  guided  beat,  by  our  obaenrattons  la  to  tM 
piopoitieaa  thut  hnve  been  given  to  dtflferent  afaipa,^  wkfaoui 
uutjr^ttedvuntageaiua  conaoquenee  m  their  application  |  for;  Is 
every  case  in  which  the  ]jrt)portiun  of  different  sails  to  each 
otlicr  has  been  carried  to  tlie  extreme  either  wav,  experient^e 
lias  soon  discovered  the  erroj?,  and  determined  the  limits  s  tbui^ 
making  the  sails  too  nearly  equal  on  the  main  and  fore-nMyii% 
bMM  hie  done  without  pmting  liie  ship  too  niiieh  Ibrwaffil^  or 
hy'eiMFf  ying  the  fore-mast  back ;  which  not  only  ohatrOeet  ttte 

proj)er  working  of  the  yards,  but  prevents  the  wind  having  its 
full  eifect  on  all  the  sails.    If  the  top-sails  are  too  deep  in  rela* 
tion  to  the  courses,  there  is  a  difficulty  in  shifting  a  top-nMal5 
.if  ^>top*<gaUatitoBails  are  too  squdre,  it  is  difficult  to  iupi^ft 
-llioiAipertncumbeat  masts,  or  if  too  narrow,  the  proper  am'fif 
eiileanlioC  be  obtained  without  makina:  the  sail  too  taunt,  or  in- 
creasing the  moment  in  a  s^reater  jirojxntion  to  tlie  area,  than 
,is  necessary  to  bring  the  centre  of  etfort  to  its  proper  height.**- 
Many  excellent  observations  are  given  on  the  dimensibna  Hni 
Jprinpottknia^of  satis  t  w«  will  quoin  those  on  olHiiiliiis  the 
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of  the  course.  Mr.  Fincham  observes,  "to  determine  the 
lettgth  of  the  lower^masts,  it  will  be  necessary,  ^rst  to  get  the 
tnm  poiition  of  the  head  of  the  coM9  m  rehukni  lo  tbm 
si0fK» /.Db  Jitaia  tbe  deflh  of  temiM^  UM-a^fMnbif 
WaivAttib  Ibtt  lioiiiided  Imigtli  of  the  nrt,  wM.iihe  mm^im 
housed  to  the  uppermoet  deck,  the  height  of  the  foot  of  the  sail 
above  the  deck,  luui  what  the  vard  is  below  the  huuuti,  for  which 
he  to.. general  takes  f  the  length  of  tlie  mast-head.  Tlui^>ml% 
iwwcW^  teifiaaQg  the  yanL  k  diflSwent  from  thai  eMMMoIf 
dbilmd  ^fgiimmm,  as  ^ley^ia  gwtgal  uka  liatf;  Hn  lumUii  af 
t1»  «iMwiiitri!%;faid  set  it  down  from  the  bwar  «de  of  Ao 
site  trestle-tree ;  which  rule,  if  applied  to  a  frigate^ 
would  place  the  yard  1  feet  hi^-hcr  than  the  pobitioii  tliat  would 
be  taken  for  cutting  the  sails,  and  in  couscqueace,  make  ihe-top* 
nai^itao  ^bitpf  which  ia  frequently  found  to  botka  OOM^.^nd 
idiliittthfi  iwrii  ho  placad  /u^rAit^^  »«y  tailriwafca***  wfcl 
niab'dia  dbimkion  of  the  fixed  blodis^vluio^^ttdka  «ii 

sheets  are  worked  on  the  quarter-deck,  forecastle,  and  w  aist,  it 
would  be  impossible  for  the  iiiain-^iail  to  stand  without  more 
height  above  the  deck,  than  with  the  proper  roaclk'^^ .  iio  pco» 
tiMn  lo:observ^  that  it  would  be  moioaoMialaHt.to.4ilpniiBO 
ik»  hgig^  €£  liM  mab^haadijand  idaoa  of  tile  ooMuffpi^i  A 
temv  of  the  tofh^maet^     wMdk  liaLgpim  proportiiMMwT  ^ 

Mr.  Fincham  give*  numerous  laMei  of  the  lengths  of  the 
masts  and  yards  for  all  clas^ies  of  vessels,  beginning  with  boats. 
Tables  of  the  dimensions  suid  ajreae^of  Uie  eails.ace  givea-ibr 
kaaiB  <of<  different  rigs,  but  are  not  contianed  for  Mptt,  ,  Uo 
uptfaafrim  twdoobt  deterred fton^gmag  tliodatattoi  rhe  wtik 
efciht|M»fay  ti»|p«>*  faooMe  the  eaioolatioBe  wmM  hmm  %tkmt 
he  has,  however,  done  so  much,  and  given  us  such  a  ver)  valu- 
able collection  of  tables,  that  we  have  no  right  to  complain  he 
haiunot  done  more;  we  merely  mention  it  as  an  ijopeffectioa 
in  the  work,  and  consider  that  as  he  Jms  lUKfiipi  ITT  timllaf 
taklot^^aiufMt  thoeofor.boati  migbl  as  well  baa^lMi  Ooafitted; 
paiiimihirly  as  it  appears  to  gite  an  ttndoe  oemideniCi«Mi  to  thi 
lureair  of  the  strils  of  boats,  a  subject  which  ib  cerUiuly  of  com- 
paratively inconsiderable  importance. 

By  leaving  the  e&tablishme^  oi  mast^  and  yecdfi  at  few  as 
MOiiUekMHymide.  idtaslaaB  la.aliteiBad  inilie  taad^.  — **»*^ 
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of  ships  wl^icli  retjuire  to  be  hastily  masted  ;  this  convenience 
4s,  however,  attended  with  the  disadvantage^  of  bliips  of  different 
dimensions  and  varioiis  qualities  having  the  same  masts  and 
yiiie>i  by  ^yhith  eome:  nuet  be  over-mastedy  and  others  uadef* 
Mtled.  .Wlieh  aship  is.desigaied^  its  qualities  are  detmntiMid 
ill  ettinteimi  with  the  moment  of  its  sails,  and  if  the  mastt 
uud  yards  arc  not  determiticd  lu  cunect  relation  to  it,  the  ex- 
cellency oi  iu  tjuaiitieb  cannot  be  known.  The  diminuliou  of 
the  dasapn  of  rthe  ships  of  the  Roval  Navy,  as  far  as  differeat 
^tifieea  adiftit^  will  be  attended  with  great  advantage :  iarlMet^ 
the  qvsUtiiiw  of  our  ships  will  never  evince  that  exceUeney^ 
srhMi  wtt' kbow  that  many  of  them  fKissess,  till  the  masting 
and  i^qnipment  of  every  ship^  ar^  determiued  iu  strict  rdaUoa 
to  its  debigu.  ,i 
■  :*i4t  is  obseiTcd^  on  the  diai'  is  of  masts  and  yards,  "in  de- 
twmining  what  stitingth  and  form  should  be  gma  to'  the  dtf-  - 
faeoi  'qmny  ' of  which  the  masdhig  of  vessds  cons^ts^  so  thife  « 
^dkie  support  may  be  itforded  for  resistii^  the  efforts  that  tend 
to  break  or  npbet  them,  we  must  be  i^uided  by  our  observations 
•on  the  etfects  produced  on  the  ditierent  descriptions  of  spars, 
fuid  by  what  esqperience  and  long  usage  have  determined  to  be 
ithe  bcat^  'intther  than  by  ahy  abstract  theory.  >  The  dittcnUy  ot 
obtahung  correct  data  n^etiiiig  ihe  atcessea  that^masts,  ywds} 
iftic*;  are  subject  to,  ra  every  situation,  and  at  the -same  time  hi* 
eluding  the  difFeicnt  buppoits  that  they  receive  under  all  cir* 
curastances,  renders  any  analytical  rea*?oning  of  little  use ;  and 
though  the  conclusions  that  Bouguer  and  other  writers  thavd 
4QmtA.  are  iiq^enkiisji  and  fiiunded  on  the  strictest  reasonings 
yat^  OB  «ae^ttnt  of  their  having  M^ected  to  take  into  consider»v 
lion  some  particular  stress,  action,  or  support,  they  have  heed 
found  to  be  of  Httle  use  iu  practice.  The  diameter  and  form^ 
as  at  present  established,  appear  to  have  been  determined 
am -the  experience  of  the  mast-maker;  who,  in  order  to 
Jeeaen.  the  astpenae,  and  diminish  the  weight,  might  at  hirst 
have  been  iiidttced  to  give  the '  masts^  y^V^  very  small 
diameters;  but  afterwards,  aceorduig  as  he  may  have  found 
them  w  eak,  wrung,  twisted,  or  ruptured,  has  continued  to  in- 
crease their  diameters,  and  consequently  their  strength,  till  they 

lure  becnmc  of  that  form,  and  size  which  he  consideis  to  be  bea^ 
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It  is  from  a  knowledge  of  the  limits  which  experience  has 
marked  out,  that  we  are  able  to  form  such  a  judgment  respecting 
the  strength  and  diameters  that  are  necessary  for  all  masts, 
yards,  &c.,  as  cannot  be  far  from  being  correct," 

Tables  are  given  of  the  diameters  of  all  masts  and  yards  in 
relation  to  their  length,  in  which  the  diameters  of  the  smaller 
lower  masts  are  increased  in  respect  to  those  commonly  used  in 
H.  M.  dock-yards.  Experience  led  to  an  increase  of  these 
diameters  above  twenty  years  ago,  and  it  appears  still  to  justify 
further  increase.  . 

A  comparison  between  the  diameters  of  the  main -masts  of 
different  classes,  and  the  strains  they  sustain,  is  given  by  the 
author  in  a  note.  "  The  moments  of  pressure  on  the  main- 
mast, above  the  upper  wedging-deck,  is,  for  three-deck  ships, 
573073;  two-deck  ships,  4930ft0;  frigates,  425194;  and 
corvettes,  199657;  where  the  diameters  would  be,  for  three- 
deck  ships,  41  inches;  two-deck  ships,  36  inches;  frigates, 
31  inches;  and  corvettes,  2 1  inches.  If,  therefore,  we  were  to 
consider  the  strength  of  masts  to  vary  as  the  cubes  of  their 
diameters,  which,  in  practice,  would  not  be  far  from  the  truth, 
the  proper  diameter,  in  proportion  to  the  stresses  when  brought 
in  relation  to  the  three-deck  ships,  would  be  ./» 
•573073  :  493060  : :  4V  :  diam.3  diam.  =  39  inches  for  two- 
deck  ships.  ...  -  ...... 

573073  :  425194  : :  4P  :  diam.»  diam.  ^  37    for  frigate.^. 

573073  :  199657  : :  4P  :  diam.»  diam.  ^  28  do.  corvettes. 
This  shows  that  the  excess  of  strength  is  very  considerably  in 
favour  of  the  three-deck  ship,  which  accords  with  experience, 
since  the  proportion  of  three-deck  ships'  masts  that  are  sprung, 
is  very  inconsiderable,  when  compared  with  ships  of  other 
classes ;  however,  the  difference  of  diameters  will  not  be  so 
great  as  the  proportions  give,  since  considerable  allowance  must 
be  made  for  the  excess  of  weight,  as  well  as  pre^isure,  that  the 
larger  masts  have  to  sustain."  .  r 

Different  proportions  are  also  given  in  many  instances  for 
the  small  diameters  of  the  different  spars  from  those  used  at 


'  These  proportions  are  incorrectlj  stated  by  the  author,  who  probably  in« 
tended  to  have  stated  them  as  above,  as  his  results  are  correct. 
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ptmM  t  from  tlie  heads  of  masts  being  frequently  found  ta  be 
#nMif>  pttliettlErly  of  IrlgaAcs  and  smalkr  veBse^  the  ifiaaielefff 
•M  iwfO>c^«  Tins  piii|ioi'liMt  of  file  #ele^  ends  of  bdwuplM 
ate  dflo  inereased^  In  eomcqwwec  of  tfwir  Mmg  feond  to  1i€ 

ifyrung  ofteiMr  between  the  gammoning  and  cap  than  else- 
where. 

'  Wo  mattt  liowever  ob9erve>  witii  respect  to  these  alteratkms^ 
lint  wo  eoiicgh€»  in  A  work  prdfeMdIy  writWb  on  the  praotieo 
«f  matlnnriiing  in  tHw  ooooiryi  it  would  bdvo  been  more  pre^ 
per  to  have  given  the  proportions  wliich  are  at  present  eoiih* 

moTtff  wed,  in  the  body  of  the  work,  and  the  alterations,  how- 
ever jusly  whieh  the  author  suggests,  in  the  notes ;  instead  of 
giving  his  new  propoftiona  as  tile  itandard,  and  the  Osual  pro*^ 
pof«ions  In  the  notes. 

•  The  anther  gtves  aeme  isdbl  lemaiks  on  the  dMbrent  kinds 

of  timljer  used  in  nfast-making,  with  the  results  of  some  experi- 
ments he  marie  on  their  strength  and  ^hlksticitv  5  observations 
are  also  given  on  the  receipt  and  preservation  of  mast  timber* 
The  method  of  eonvertinf^  mast  tHnher  is  also  given,  witik  iiit 
sfais  of  thl»  sfbeka  reqidted  fet  difllMpenf  maMs  and  yards* 

The  woik  eMiehides  with  an  explanatioO  of  the  preetk^ 
operations  of  mast-making.  The  new  made- mast  of  Sir  Robert 
Seppings,  being  now  generally  adopted  in  his  Majesty's  dock> 
yards,  for  ships  of  the  line  and  frigates,  properly  forms  a  prin- 
eipal  part  ol  this  division  Of  the  subjeot..  The  o^ect  of  this 
method  is  the  snIstitiitloH  of  Riga  ttihber  in  ^  largo  niMs 
•ndkowsprits  for  wMte  and  yellow  pine;  by  which  they  are 
not  only  made  of  stronger  and  more  durable  timber,  Init  their 
expense  is  considerably  diminished.  These  masts  also  possess 
tiM  ndvMitage  of  being  eonveniently  removed  front  one  pott  to 
Mwihe^i  and  of  heh^f  en^iy  npahpedt*  W#  shall  give  the  <ie« 
taH  of  petting  togetheir  these  masts  Iknn  this  woik^  and  afteiH 
wards  give  accounts  of  the  patent  made-masts  of  Messrs.  Fer- 
guson and  Hilhnan,^  and  of  the  made-masts  h^ng  used  in  Hoi- 
laadi  wkh  the  alterations  proposed  in  them  by  M.  RoUand,  a 


'  An  account  of  Mr.  Green's  patent  made-mast  is  itw^fen  St  ^f|ps  106,  in 
tbisdjumb^rvf^PspexsonNsTal  Arclutecturs.'  ' 
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The  account  of  putting  together  the  masts  of  Sir  Robert 
Seppings,  was  evidently  drawn  up  by  the  author  previoubly  to 
the  adoption  of  the  present  method,  as  a  description  is  given  of 
fastening  these  masts  with  bolts ;  and  a  paragrapli,  afterwards 
added,  showing  the  substitution  of  treenails.  We  shall  there- 
fore give  such  parts  of  tlie  description  as  agree  best  with  the 
present  mode.  It  may 'toe  observed,  that  several  inaccuracies 
appear  in  this  part  of  Mr.  Fincham's  work  in  the  references  to 
the  figures,  no  doubt  arising  from  the  author's  endeavouring 
to  make  the  description  conform  to  the  present  mode  by  ad- 
ditions, instead  of  re- writing  the  whole  of  the  descriptioiu 

"  The  new  made-mast  is  composed  of  a  number  of  fquare 
pieces,  each  side  being  one-fourth  the  diameter  of  the  mast,  for 
ships  of  60  guns  and  upwards ;  and  one-third  the  diameter  for 
smaller  ships.  These  pieces  are  in  length  according  to  the 
length  of  the  mast,  and  are  placed  end  to  end,  with  their  butts 
under  the  hoops.  Four  of  these  pieces,  in  a  sufficient  number  of 
lengths  to  make  up  the  length  of  the  mast,  are  first  united  to- 
gether to  make  the  main  piece,  or  what  is  called  the  core ;  on 
each  of  the  four  sides  of  which  two  pieces  arc  united  together, 
and  brought  upon  it  to  make  up  the  diameter.  The  pair  on 
each  side,  and  the  after  pair,  extend  the  whole  length  of  the 
mast ;  but  the  pair  on  tlie  fore  side  is  short  once  and  a  half 
the  depth  of  the  trestle- trees  less  than  the  length  of  the  head 
of  the  mast  from  each  end.  ^ 

"  These  masts  are  formed  to  have  both  ends  alike,  to  afford 
an  opportunity,  in  case  of  defect  or  injury,  of  placing  either 
end  uppermost;  each  end  is  therefore  made  to  form  the  head, 
and  of  a  length  the  same  as  the  common  mast-head.  ^ 

"  The  exterior  form  of  the  body  of  these  masts  is  cylindrical ; 
the  parts  at  each  end,  to  the  length  of  the  common  mast-head, 
arc  formed  with  the  angles  only  taken  off,  the  same  as  the  com- 
mon heads. 

"  New  Made-mmis  for  Ships  of  the  Line, — ^The  several 
pieces  that  make  the  masts  are  placed  with  their  butts  undex 
the  hoops.  To  determine  the  length  of  the  pieces  and  the 
place  of  the  butts  for  60-gun  ships  and  upwards,  divide  the 
length  of  the  fore-fish  into  fourteen  equal  parts,  to  give  the  sta-« 
tious  q{  QV^ry  oth^(  ^900^  with  gne  plac<^d  a(  tlie  middle  o( 
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^  matt;  wliieh  will  l&twbe  glv»  the  stilidti  whcie  doe 
butt  and  iti  oppoaiti^  6n  apfXHite  quirtm^  wUl  b«  pUwed  j  six 
of  these  spaces  will  give  iStm  lenf^  of  the  middle  pieces, 
while  the  pieces  that  run  through  at  the  ends,  may  be  longer 
or  shorter  as  can  be  obtained. 

'  The  first  butt,  in  the  fore  and  after  pair  is  placed  under  tile 
miiidle  hoop  in  one  jnece^  and  the  opposite  on  the  opposite 
quarter;  and  in  the  other  two  pieces  in  this  pair  at  three 
spaces  on  each  nde  of  the  middle,  so  as  to  bring  the  butts  to 
the  middle  of  each  piece.  To  the  two  side  pairs,  one  butt  and 
its  opposite,  on  the  opposite  quarter,  are  placed  one  space  from 
the  middlci  while  the  butt  of  the  other  piece  is  placed  at  two 
spaces  on  the  other  side  of  the  middle. 

^  Hie  main  assemblage  or  core  has  the  butts  the  same,  in  rt» 
Iktlon  to  the  middle  hoop,  as  the  side  pairs  ;  that  is,  the  butts 
at  the  corresponding  spaces  on^the  opposite  side  of  the  middle 
of  the  mast  lengthways. 

^  When  the  first  butts  from  the  middle  are  determined^  the 
ethers  will  run  r^larly  from  them,  except  those  lengths  that 
run  through  at  each  end.  The  pieces  are  trimmed  and  planed 
up  to  their  dimensions;  the  core  is  then  put  together.  To 
bring  the  pieces  that  make  up  the  different  lengths  in  a  direct 
line,  a  sufficient  number  of  blocks  or  skids,  to  take  the  length 
of  the  mast,  are  placed  in  the  same  plane,  at  distances  from 
each  other,  so  as  to  take  the  butts.  The  difforent  pieces  have 
their  butts  made  square,  and  brought  together  according  to  their 
shift  ;  and  when  in  a  direct  line  upon  the  skids,  the  butts  are 
coaked  with  one  coak  in  each,  three  inches  in  diameter  and  six 
inches  in  length.  To  bring  the  butts,  in  the  several  lengths  in 
the  four  parts  that  make  the  core,  into  close  contact  at  their 
aWmenti,  a  force  is  brought  upon  the  ends,  at  the  extremities 
of  the  mast,  by  means  of  a  set  by  wedges  at  each  end,  against 
some  part  of  the  mast-house,  or  anyplace  where  sufficient  sup- 
port can  be  obtained ;  and. that  the  four  parts  may  be  closely 
united,  sets  to  wrain^staves  are  made  to  each  skid  one  way, 
and  brought  tegether  by- clamps  the  oth^  way.  When  the 
pieces  that  form  the  core  «re  brought  together,  they-  are  united 
by  treenails,  about  two  feet  apart,  commencing  six  inches  from 
the  butts,  driven  from  one  angle  to  the  opposite,  with  those  in 
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the  oppodte  diagoina  placed  at  the  tfaoie  dSiMaiesy  liiitib  fnai 
In  the  middle  betiieen  them* 

f*'^To  make  up  the  delicieney  that  Is  left  hy  the  hreadth  of 

the  pairs  to  give  the  form  of  the  mast,  aris  pieces,  or  ekings,  at, 
Fig.  21,  are  lirought  into  the  spaces  between  the  edges.  These 
pieces  have  their  butts  placed  under  the  boope,  so  as  to  gi?e 
shift  to  the  butts  of  the  pairs^  or  to  correspond  with  the  butts 
e^ltte  eorei  tiiey  are  lastened  with  nuxed  metal  screws,  eight 
iatftee  Ibiig, '  between  emy  two  hoops,  and  one  afpot  ffom 
each  butt. 

**  The  hoops  on  the  body  are  spaced  as  described  in  shifting 
tiie  bMs ;  that  is,  a  hoop  over,  and  one  between,  every  two  suc- 
MMfe  botti^  with  one  abdut  three  inches  from  each  end  of 
the  foremost  pnr,  and  one  at  the  hounds.  The  head-hoops  are 
qMced  with  one  against  the  end  of  the  foremost  pair,  or  onee 
and  a  half  the  depth  of  the  trestle-trees  above  the  hounds ; 
one  three  inches  below  the  tenon  of  the  cap,  and  four  at  equal 
distances  between. 

'  ^  Hie  body-hoops  are  screw-hoops  in  two  eqbal  parCs^  with 
iSA  ears  for  the  screw  on  each  side  of  tfie  mast.  To  cover  the 
ears  and  screw,  so  as  to  prevent  ropes  from  catcfdng,  a  pieee  of 

fir,  six  inches  thick,  and  nine  inches  wide,  is  brought  upon  the 
side  of  the  mast,  and  let  over  them. 

.  *''^^The  masts  that  have  lately  been  formed  on  this  plan,  have 
been  lastened  witii  treenails.  The  pieces  that  form  the  core 
ate  united  by  treenails,  two  feet  apart,  and  commenciog  at  six 
Inches  from  each  butt.  Fig.  22  and  23,    n.   When  the  core  is 

together,  the  side  pairs  are  brought  against  it  in  their  proper 
position,  and  the  treenails  driven  ;  those  iti  the  edges,  Fig.  23, 
24,  and  25,  e,  that  unite  the  pieces  into  pairs  hrst ;  and  then 
tMM  thit  eoinbine  them  with  the  core,  a  a.  The  treenails  in 
liiii  edges,  that  unite  tiie  pieces  into  p«rs,  are  placed  oppo* 
site  liie  iMdle  of  the  distance  between  the  treenails  and  the 
core,  in  every  alternate  space  ;  and  the  treenails  that  unite 
the  side  pairs  to  the  core,  in  the  intermediate  spaces,  one  in 
each,  piece  of  the  pair,  to  pass  through  both  pairs  and  the  core. 
The  treemnls  in  the  fore  and  after  pairs  are  placed,  thoee 
iJwsl^^^, t|l0  edges  opposite  to  those  that  unite  the  side  pairs  to 
the  core ;  and  those  that  unite  the  fore  and  after  pair  to  the 
yoL*iu,  H 
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core.  Fig.  25^  opposite  to  iboie  in  the  edges  of  tint  etde  p«iit» 
This  gim  the  treenails  at  the  spam  «f  abool  9mf  iilt  Imlm  $ 
thoM  ln^iie  iingottid^  ef  the  eoie»  V1g«  ia»  tf/  *eie4i''«hli 
edg«tof  Utt  tide  pairs,     end  thi^  iJiet  pe»  lliiui%<Uii|  Mil 

and  aft  pair  and  core,  Fig.  25,  c  ;  those  in  the  opposite  diagonal 
of  the  core,  Fi^.  23,  w  ai^d  then  those  on  tho  cd^cs  of  tlie  fore 
and  aiter  pair,  and  tliose  that  unite  the  side  pair  to  the  core, 
\Fig.  25,  a.  The  treenails,  exce|rt  tiloee  in  the  eere,  are  elM^i 
fleecd  in  the  auddle  of  tkft  pieee^  ia  lelatiott  te  the  e4|M<iMl 
ere  of  e  «se ;  these  in  the  core,  1 1  inch  ;  in  the  tide  Itfl  *fiNe 
emf^tfter  paifl^  1|  inch;  and  those  in  the  edges,  1^  inch.  In 
thii  hciulfs,  in  addition  to  the  treenails,  there  «r<*  six  I  bolts ^ 
that  pass  through  the  side  pairs  and  cofe^  iQi:e  iuuiv^yiter 
•pairs  and  core,  between  the  hoops.  . 

'  ^^Fr^f9it9'mm^Mmh^^  meate  of  fr^geti^  lApr 
Hit  *teiigtb  of  ^  heed  ietehen  oetfrooi  each  end,  Uicmw^ 

'metfidery  or  hody  of  the  mast,  is  divided  into  eighteen  equal 

pait5,  givinc;  nincteeTi  stations  for  the  place  uf  thu  hooj)^  iixid 
butts.  To  jLjive  the  buUs  thtir  projjcr  shift,  the  first  butt  is 
placed  for  the  alibif'fiihi  et  the  ittiii<lle  station  •  for  the  cofC^Klt 

•theffMien  M  epecee  ehove  the  middtei  for  the  i  fiiilp,  (jiii 

ftMeer  for  ene  iide  9pm$  ehove^  end  fo  thf-vo^ 

•ide  fish  two  spaeefr  below  the  middle  |  and  then  from  every 

butt  It'll  spaces  or  parts  are  set  otf  for  the  lene^th  of  each  piece, 
anH  for  the  phu  es  of  the  other  buLl*>,  which  will  place  tliem^^fgr 
4he  core  and  h^hes,  two  spaces  apart.  For  the  hllttft-^lilv^#rili 
pieces  the  •terhoard  el(er  one  hee  the  fiiit  h«tt  one  muflii  rtftfi ' 
^jniddhi}  Mfheeid  foi^  thiee;  lerboevdelt^fim^lHl- 
UnerdiDre^  4evea  epeeee  9h9m  €kt  noddle  station ;  when  from 
these  ten  spaces  are  set  off,  the  same  as  for  the  fishes  and  core, 
for  the  other  butts,  The  butt^  thus  placed  give  th«  proper  dift- 
posiiion  ill  reiattuii  to  each  other,  with  a  diatencee|Mjtt  of  #lMIMt 

3  feet  6i  inches  te4i.4§-fnn  ihlp'ft  euis-meet  |  Md  mt$ism 
•tiM  whole  length  of  the  fdecee,  theioet  the  middle,  ahoni^ 
Ael€  uieheti  and  the  otheie  varyteg  from  16  to  44  feet,  except: 

the  fore  fish  will  alvvavii  be  half  of  the  Je^glji  4)f  th^  ipn^tj  bqi|,ti 
headi)  included.  .  >  .  .  .  . 

'  *  la  AonseqnMo*  i^e^  ioit  Arad^li^  of  llib  i^  W  t^r 
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- '  *^  In  applying  the  fastening  to  these  masts,  the  core  and  fore 
and  after  fishes  are  first  brought  together.  The  after  fish  is 
laid  straight  on  the  skids,  and  then  the  core  and  fore  fish  are 
brought  on  it ;  when  to  each  abutment  is  placed  one  circular 
coak,  five  inches  in  diameter  and  three  feet  in  length.  When 
the  abutments  are  set  close,  these  pieces  are  treenailed  to- 
gether ;  one  treenail  is  placed  twelve  inches  on  each  side  of 
each  butt,  which  passes  through  the  coak,  and  others  at  every 
two  feet  apart,  or  as  near  as  they  will  space.  Fig.  26  and  27,  c. 
The  side  fishes  are  next  brought  on  and  coaked  at  their  abut- 
ments as  the  fore  and  after  fish  and  core,  and  fastened  with  one 
treenail,  which  passes  through,  in  the  middle  between  the  other 
fastenings,  Fig.  26  and  27>  a.  The  aris  pieces  are  coaked  at 
their  abutments  with  one  circular  coak,  three  inches  in  diameter 
and  six  inches  long,  and  are  fastened  with  treenails,  which  pass 
through  from  one  aris  piece  to  its  opposite  on  the  opposite 
quarter  of  the  mast,  and  are  spaced  at  the  same  distances  apart 
as  the  other  fastenings,  with  one  in  the  middle  between  each  of 
those  that  compose  the  fastenings  of  the  side  and  fore  and  after 
fishes,  Fig.  26  and  28,  e.  The  whole  of  the  treenails  in  frigates' 
masts  are  1  i  inch  in  diameter.  ^  o>  i  ^. 

Frigates*  masts  are  formed  cylindrical  all  through;  but  at 
once  the  depth  of  the  trestle-trees,  above  the  place  of  the 
hounds,  at  the  fore  side,  on  one  of  the  arisses  of  the  mast,  an 
abutment  is  sunk  in  4^  inches,  and  the  mast  taken  through 
straight,  from  which  it  is  gradually  formed  for  the  mast  to  be 
cylindrical  at  the  head.        *ti  •  va"  vtt 

"  The  body  hoops  are  placed  at  the  stations  of  the  butts,  and 
screw  up,  as  explained  for  ships  of  the  line ;  and  the  mast- 
head hoops  are  placed,  one  3  inches  below  the  tenon,  and  one 
I5  the  depth  of  the  trestle-trees  above  the  hounds,  and  four 
others  at  equal  distances  between."      /»,  ^  ,  m  •j.fMn. 

The  patent  made-mast  of  Mr,  Ferguson  has  a  similarity  to 
that  of  Sir  Robert  Seppings,  just  described.  It  is  formed  of 
a  core,  either  square  or  polygonal,  with  side-pieces  round  it, 
making  up  the  cylindrical  form  of  the  mast.  The  ends  of  the 
pieces  forming  the  core  are  cut  off  perpendicularly  to  their 
length,  and  are  connected  together  at  their  ends  by  three  or 
more  screw-bolts,  of  from  J  to  U  inch  in  thickness,  cyitcring 
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i^oHt  three  ftet  ioto  eei^  piece^  hnritig  a  screw  at  eaoh  end,  th^ 
one  a  right-hand  screw,  and  the  other  a  le&-hand  seiew;  morf , 
tices  are  cut  in  these  pieces  to  admit  nuts  heing  screwed  on  the . 

ends  of  the  bolts,  with  washers  between  them  and  the  woodi^ 
These  mortices,  which  are  so  placed  as  not  to  be  in  the  same 
titfamrse  section  of  the  mast,  are  afterwards  hlled  with  hard 
pieces  of  wood.  Metal  f^tes  are  introduced  between  the  bntts. 
The  ends  ol  the  external  pieces  are  connected  togeth^HNlMN 
bame  manner :  and  all  the  butts  ate  so  disposed  as  m  gife  shift, 
to  each  other.  ^"^^  * 

«  The  pieces  which  form  the  mast  are  coaked  together,  and 
efoss*bolts  are  driven  through  tliree  adjacent  pieces ;  not  pass- 
ing through  the  centre.  They  are  so  dispose^  that  the  ends  9ii 
two  may  edne  near  each  other  in  the  same  piece.  The  mast ia> 
then  secured  by  drift-hoops  where  practicable,  dsewhere  hf  . 
Clasp-hoops.  '  -''^^f^ 

-  Another  method  is  also  given  by  Mr.  Ferguson  for  disposii^ 
Hr  kmg  serew-b<^t8,  which  connect  the  ends  of  the  pieces :  in^ 
Stead  of  driving  these  bolts  into  holes,  bored  in  the  ends  of  tho 
pieces,  they  may  be  placed  in  grooves  cut  in  the  sides  of  th*^ 
pieces,  the  external  sides  excepted,  and  screwed  upas  before.  - 

'-The  patent  made-mast  of  Mr.  Hillman  is  composed  of  a  core, 
iHth  exfeemal  {wces,  from  three  to  nine  in  number^  to  make  up 
the  mast.  The  peenliarity  of  this  mast  consists  in  the  jneoea 
being  comieeted  to  each  other  faiterally,  by  long  dove-tailed  bat^ 
tens  driven  into  grooves  taken  out  of  the  sides  of  the  pieces  ; 
see  Fig.  29,  which  represents  a  transverse  section  of  this  mast. 
These  battens  and  grooves  taper  a  little  upwards,  for  the  sake 
of  bemg  driven  tight.  The  ends  of  the  pieces  which  form  the 
Mflt  are  scarphed  together,  and  have  donbly  dove^tailed  bat- 
tMw  let  into  the  scarphs.  The  lips  of  the  scarphs  are  cat  off 
obliquely  to  tail  into  the  thick  parts  of  the  scarphs. 

When  the  pieces  are  trinnaed  and  brought  tocfether,  the 
masts  are  lashed  hrmly  together  by  ropes,  or  secured  by  hoopsj^ 
and  the  dove-tailed  battens  are  then  driven  into  the  grooves*' 
The  temporary  secnrity  is  then  removed,  and  the  masts  are  se« 

eured  by  iron  hoops,  in  the  ustal  manner.  These  masts  aro 

wholly  put  together  without  either  couks  or  treenails. 

Mr.  Hillman  gives  also  a  method  of  workiog  the  dove*tail 
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in  the  solid  wood  on  the  side  of  the  piece,  which  fits  into  a 
corresponding  groove  taken  out  of  the  adjacent  piece.  n 

The  following  account  of  the  made-masts  used  in  Holland,  is 
taken  from  M.  Forfait's  *  Treatise  on  Mast-making.* 

The  whole  length  of  the  main-mast  of  the  Evertsen,  a  ship 
of  80  guns,  was  104|  French  feet,  its  greatest  diameter  was  34 
inches,  and  the  length  of  the  head  14  feet.  ' 

The  head  was  formed  hy  the  upper  part  of  the  spindle,  and 
was  octagonal ;  its  size  was  such  that  the  diameter  of  the  cir- 
cle, circumscribed  by  the  octagon  at  the  hounds,  was  26^ 
inches  ;  and  a  similar  dimension  at  the  upper  part  of  the  head 
was  22 J  inches.  A  stop  of  an  inch  and  a  half  in  depth  was 
formed  at  the  hounds  on  each  surface  of  the  octagon,  by  which 
the  size  of  the  spindle  immediately  below  the  hounds  was  re- 
duced, so  that  the  diameter  of  the  circle,  circumscribed  by  the 
octagon,  was  only  23^  inches;  the  spindle  was  then  worked 
throughout  its  length  to  an  octagonal  shape,  and  tapering  to- 
wards the  keel ;  where  its  size  was  determined,  according  to 
the  practice  in  the  mast-houses  of  Holland,  by  the  rule,  that 
the  diameter  of  the  circle  circumscribed  by  the  octagon  of  the 
lower  extremity  of  the  spindle,  shall  be  at  least  equal  to  one 
'  half  the  diameter  of  that  circumscribed  by  the  octagon  of  the 
upper  part  of  the  head;  consequently  in  this  mast  it  was  13i 
inches.  JJut  if  the  rough  mast,  out  of  which  the  spindle  is 
formed,  will  admit  of  a  greater  proportionate  size  for  the  lower 
end  of  the  spindle,  it  is  rather  considered  advantageous  than 
'disadvantageous.  ^       •  ** 

*  If  a  stick,  of  sufficient  length  to  form  the  spindle,  cannot  be 
procured,  as  is  generally  the  case  with  large  masts,  the  lower 
part  is  formed  by  a  lengthening  })iece,  which  is  united  to  the 
upper  or  principal  j)iece  by  a  long  scarph  :  this  scarph,  in  the 
mast  of  the  Evertsen,  was  20  feet  in  length,  and  was  secured  by 
five  hoops  ;  it  had  also  five  or  six  treenails  in  it. 
^  When  the  spindle  is  completed  it  is  painted  with  whitelead; 
and  as  soon  as  the  paint  is  thoroughly  dry,  planks  are  worked 
on  each  of  the  surfaces,  formed  by  the  octagonal  shape  of  the 
spindle,  and  secured  to  them  by  nails.  These  planks  do  not 
run  higher  than  the  hounds,  where  there  is  a  stop  to 
receive  their  ends.    If  the  planks  are  not  long  enough  to 
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extend  the  whole  length  from  the  hounds  to  the  heel,  unless 
by  a  sacrifice  of  timber,  too  valuable  to  be  applied  to  such 
purposes,  lengthening  pieces  are  added  at  their  lower  ends, 
*but  never  to  extend  higher  than  the  partners  of  the  lower 
deck ;  and  care  is  taken  to  shift  the  butts,  so  that  they  may  not 
all  be  at  the  same  height.    When  the  mast  is  thus  far  com- 

*  pleted  it  is  rounded,  and  the  seams  are  caulked  and  then  pitched 
over.    The  mast  is  then  hooped,  with  drift-hoops,  from  the 

^  heel  to  the  partners  of  the  (|uarter-deck,  and  from  thence  to 
"  the  hounds,  with  clasp  hoops.    The  head  is  hooped  with  drift 
hoops ;  the  hoops  are  spaced  at  four  feet  between  their  centres. 

*  M.  Holland  proposes  that  this  system  of  making  masts  shall 
•^•  be  introduced  into  the  French  dock -yards,  with  modifications, 
^  which  he  considers  would  remove  all  objections  to  it.    He  says 

that  the  using  nails  to  connect  the  planks  with  the  spindle  is 
extremely  injurious ;  that  they  do  not  prevent  the  planks  from 
working,  but  tear  the  fibre  of  the  wood,  and  consequently 

*  weaken  its  strength;  besides  which,  they  render  repairs  ex- 
pensive ;  as  when  a  mast  is  taken  to  pieces  for  that  purpose, 
many  pieces,  which  would  otherwise  have  been  saved,  are  con- 
demned  in  consequence  of  the  injury  they  have  sustained  from 
the  nails.  a 

He  therefore  proposes  that  the  system  of  spindle  and  plank- 
ing should  remain  as  in  the  Dutch  masts ;  but  instead  of  bring- 
ing the  planks  and  the  spindle  together  with  flat  surfaces,  and 
nailing  them,  that  mortices,  of  i  foot  in  length,  1^  inch  in 
breadth,  and  2  inches  in  depth,  shall  be  sunk  on  each  surface 
of  the  spindle  at  a  distance  of  8  feet  apart ;  and  so  placed,  that 
the  mortices  on  the  several  surfaces  shall  form  a  spiral  line 
round  the  spindle,  as  shown  in  Fig.  30 ;  into  these  mortices 
coaks  of  hard  dry  oak  are  to  be  driven,  which  are  to  project  as 
much  above  the  surface  of  the  spindle  as  they  are  sunk  within 
it ;  similar  mortices  are  then  to  be  taken  out  of  the  planks  to 
receive  these  projecting  parts  of  the  coaks,  the  abutments  of 
which  will  prevent  any  working,  and  render  the  use  of  nails 
unnecessary.  M.  Holland  recommends  that  the  seams  should 
be  caulked,  and  that  the  masts  should  be  hooped  with  drift 
hoops  throughout,  at  three  feet  apart.  i 
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AftT.  YikL^A  IM  ^  the  Faimts  which  Am  (fum  Uikm 
.  JmprovmenU  towmicM  itUh  NrndJ^fmrsj  with  CtpUt 

As  ddfotjeet  h  to  collet  in  the  pftges  of  thlt  work  ^all  Hm 
tofbraifttion  that  twi  be  obtained  on  l^wnX  AfcMteetnre,  and 

other  subjects  connected  with  Naval  Science/*  we  intend  ia 
Otir  future  numbers,  to  publisli  lists  of  all  the  Patents  which  may 
be  taken  out  for  all  improvements  or  inventions  which  relaU 
to  Nalral  afiain^  with  either  the  whole  or  parts  of  the  tpec!fi« 
eatiotis  of  those,  whkh  appear  partieohuly  eomsotediwMt  the 
design  of  this  worL 

'  To  Orlando  Harris  M^Iliams,  of  North  NiUeyj  in  the  C6mtf 
3t  Gloacester,  esq.^  for  certain  Improvements  is  the  paddles 
^inid  maebmery  for  propelling  ships,  and  other  vessds,  oiltvMer. 

Dated  January  7th,  1829. 

To  Septimus  Gritton,  of  Pentonville,  \n  the  county  of  Mid- 
dlesex, surgeon,  and  late  of  the  Royal  Navy,  for  an  improved 
mediod  of  constructing  paddlesi  to  facilitate  their  motion  thnnigh 
ifie  water.  Dated  January  Zth,  1829* 
'  To  Francis  Neale,  of  the  city  of  Gloucester,  barrister  at  law, 
for  a  machine,  apparatus,  or  combination  of  uiaclnnery,  for  pro- 
pelling vessels.  Dated  January  7th,  1829. 
'  To  Archibald  Robertson,  of  Liverpool,  in  the  county  of  Lan- 
tiater,  ship  carver,  for  certain  improvements  in  the  coiislnae'- 
tion  of  paddles,  for  propelling  ships,  boats,  or  vessels,  on  wattr« 
Dated  January  7th,  1829. 

To  William  Erskine  Cockrane,  of  Regent-street,  in  the  county 
of  Middlesex,  for  an  improvement  in,  or  on,  paddle  wheels,  for 
propelling  boats,  and  other  vessels.  Dated  January  I4th,  1829, 
To  Julius  Pumphrey,  of  TiOiy  Hill,  in  the  county  of  Wor- 
cester, glover,  for  certain  improvements  In  steam-engines,  and 
macliinery  connected  therewith,  to  propel  steam-boatS|  and 


other  vessels.    Some  parts  of  which  impiovements  are  appti<* 
cable  to  other  purposes.    Dated  February  3d,  1829. 
\:  -To  RichardiOreenj  of  Biackwall,  in  the  county  of 
Bhip-builder,  for  certain  improvements  in  the  i  iMHiliiwliipi'rf 
mgde-masts.   Dated  February  5th,  1829.  .  .v. 

To  \\  illiciin  Prior,  of  Albany-road,  Camberwell,  in  the  county 
of  Surrey,  gentleman,  for  certain  improveiiu  iits  in  the  construc- 
tion and  combination  of  machinery  for  securing,  supportingi  and 
qtnking,  the  top-masts  and  top-gallant-maste  of  ^tiff/k^^^ 
other  vessels.   Dated  April  1 1th,  1 829.  A  \  V  .y  . 

To  John  Liliou,  of  Guernsey,  but  now  residing  at  tlw  iNitral 
Club  House,  Jiond-strcet,  in  the  county  oi  r^lid<nesex,  a  com- 
mander in  the  Royal  Navy,  for  an  improved  method  of  con- 
sifucting  sliips'  pintles,  for  hanging  the  rudder.,  l^atedr  ^fl||ipi  , 
I4tli,  1829i 

To  Peter  Pickering,  native  of  Frodsham,  Cheshire,  insl  ilwir . 

domiciliated  in  Dantzie,  Prussia,  and  William  Pickering,  of 
Liverpool,  in.the  county  of  J  Lancaster,  merchants,  for  an  engine, 
or  machinery,  to  be  worked  by  means  of  fluids,  gases,  or  air,  on 
shore  or  at  sea,  and  which  they  intend  to  denominate  FiekeriAg'« 
engine.  Dated  2dth  April,  1829. 

To  James  Dutton,  jun.  of  Wotton-under-Edge,  in  Ihe  county 
of  Gloucester,  clothier,  for  certain  improvements  in  propelling 
ships,  boats,  and  other  vessels,  or  floathig  bodies,  by  steam,  or 
other  powers.    Dated  May  i9th,  1829. 

To  Thomas  Robinson  Williams,  of  Norfolk-atreet,  Strand^ 
in  the  county  of  Middlesex,  esq.,  for  improvenentain  the  makings 
or  manufacturing  of  felt,  or  a  substance  In  the  nature  thereof, 
applicable  to  covering  tiic  bottoms  of  vessels,  and  oilier  pur« 
poses.    Dated  May  23rd,  1829. 

To  WiUiain  Poole,  of  the  parish  of  St.  Michael  on  the 
Mount,  in  the  city  of  London,  smith,  for  certain  impfovementa 
in  inachinery  for  propelling  vessels,  and  giiing  niotioato  milla 
and  other  machinery.   Dated  May  26th,  1S29. 

To  William  Mann,  of  Efira-ioad,  lirixtoii,  in  the  parish  of 
Lambeth,  in  the  county  of  Surrey,  gent.,  for  the  application  of 
compressed  air,  to  communicate  power  and  motion  to  fixed 
BiAchinery^  and  to  carriages,  and  other  locomotive  machines,  and 
10  ships,  vessels,  and  otherfloating  bodies*.  Dated  June  Ist,  1829. 
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To  Elijah  Galloway^  of  King-stre6t,  in  the  borough  of  South« 
wukf  for  certain  inprovements  in  8team*engine>^  and  ia  machi- 
WKn^to^'frop^kng  vessels,  which  improvements  isre  appiictUe 
t>  mkwpmfmrti    Dated  July  2d»  1829*  •  . 

<T»  'Jacob  Perkins^  of  Fleet-street^  in  the  city  of  . London^ 
en^iitjcr,  for  certain  impruvciuculij  in  machinery'  ioi  |>i'upt'liiuig 
steam-vessels.    Dated  July  2d^  1829. 

.To.Bobert  Crabtree,  of  Haleawortli^  in  thaooimty  of  SufibUsy 
«  machine^  or  apparatus^  for  ptopeMing  carruigei^ 
firiSf i>wA  locomotive  bodies.   Dated  July  4tlit  1829^ .  ^  v. 

:.HblOMi9».Stniker,  of  South  Shields,  in  the  county  of  Dmw 
ham,  ship- builder,  lur  aa  iuipiovcuiciit  iu  ships'  windlasses*^ 
J)fttea  July  2oth,  1829.  '  ; 

•  J  To  Wilikm  Rodger^  of  Norfolk-street,  Strand^  Vft  th^caml^ 
j4idtfkis CTj  ft  lieuteoaat  in  the  Aoyal  Navy»  for  oertain  imptpf  . 
italsjBthe  construction  of  anchors.  DatedAqgnst  2lst» 
'^#T4»  JohnToeker^  of  Hammersmith,  in  the  county  of  Mtdd(e« 
sex,  brewer,  tor  certain  iuipi'ovemeiiU  in  iht  con:>U^cttuyi  of 
^(ll^imon.    Dated  Septeuiber  9th,  1829.  .  . 

To  G«orge  Harris,  of  Brompton-crescent,  in  the  eoutt^<al 
JlfiddkeoK,  a  captain  in  the  Boyal  Nayy^  for  improrements  hi 
UghpaimrftTftT'*^  «if  ippes  and  cordage,  canyas^  and  otberMiica 
anjafticlea^  from  substances  hitherto  unused  Ibr  UuKt  ptprposcp 
Bated  Sept ciiiber  Ijth,  1^29. 
'  To  John  Moore,  of  Broad  W'icr^  in  the  city  of  Bristol,  gettLp 
for  certaianew  or  impr0ve4  i4achinery  for  propelling  eaimges, 
lrt|n^i^f>op«ittiog«^ps»  vowelsy  or  other  fioatiiig  bodiesi  a^dlMr 
|lj|l|pig  propelUog  carriages,  and  i^paratus  for  conducting  th# 
st^mn  of  <  itiie  steam*engine,  altser  it  has  propelled  the  ste^mi- 
engine  piston.    Dated  SepLcmbcr  o 0th,  1829. 

To  William  Rodger,  of  Noiloik-street,  Strand,  in  the  coiUfitjf 
^tj^A^Mkfnr,  a  lieutenant  in  the  Royal  Navy,  for  certain  im- 
plli>iiiiiin<<  IV'the  ^onstruotimi  of  cat^head  stoppers.  Dated 
8^hcr.?0th,1829,  ^ 

!  ^BBoLilKfflaam  Chureh,  of  Haywood  House,  near  Birminfi^hani, 
in  the  county  of  ^\^u  \vick,  esq,,  for  certain  improvcmc  nt^  iii 
machiiie^  for  propelling  vessels^  inid  other  maeliiries  capal^le  of 
^^"S  Pflf#P4  by  ^IteauitiWd  in.boilers  applicable  to  th^.swM^ 
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To  John  Tucker,  of  Hammersmith,  in  the  county  of  Mtddle- 
«8Xy  brewer,  for  m  fixpiodiag  skat  at  projectile.  D^itedNarai^ 

To  John  William  Dodgtoo^  iif  Loww  Shadwdl»  in  tlit  coimij 
^  MMdI«teX|  pump  and  engine  maker,  for  e^rtain  improve- 
ments in  ships'  scuppers,  and  which  may  be  applied  tO  QIImw 
purposes.   Dated  November  17(b» 

^  Mwtractit  /r<m  Spec^cations,  and  Remarks* 

Specification  of  Mr.  Ekkard  GrtmC$  ImfmmmmUi  ^  the 

tonstruciio/i  of  Made-masts  and  Bowsprits* — I  the  said  Richard 
Crreen^  do  hereby  describe  the  manner  in  which  my  saidinveMtMMl 
.    is  to  be  performed,  by  the  following  description  thereof,  refeience 
being  had  to  the  drawings  hereunto  annexed^  and  to  the  fignraa  and 
lettm  mafked  thereon  i  tha€  is  to  tay^  Figure  3 1 ,  repreteuka  my 
invention  as  applied  to  joining  the  InUts  of  two  pieees,  A,  B, 
of  sfjiiare  l)aulk  timber,  such  as  is  used  in  forming  the  larger 
sized  made-masts,  e  is  a  square  tenon,  formed  on  the  piece 
of  the  length  of  6  or  3  inehesy  and  4  inehea  square^  and  fitting 
Iflta  ft  itortesponding  mortice  eut  in  the  end  of  the  piaeo  A  $ 
¥ryS8^  is  a  wrought  iron  hrace  let  into  the  pieces  A,    so  as  to 
be  flush  with  their  surfaces    there  is  a  corresponding  wrought- 
fron  brace  at  the  opposite  side  of  the  pieces  A,  B,  and  the  two 
braces  are  bolted  through  the -timber  to  each  other*    It  will  be 
observed,  that  the  brace  is  wider  at  the  two  anda  r^r,  than  U  is 
in  the  mtddle,  thus  forming  a  double  dovertall^  thi  fnda  r,rm 
Wms  Maker  than  the  rest  of  the  braee,  forming  a  shoulder  on  the 
hnder  side,  and  consequently,  let  deeper  into  the  wood.  Figure 
d3  is  a  side  elevation  of  the  said  brace,  drawn  to  a  larger  scale, 
in  order  to  show  more  clearly  the  increased  thickness  of  the  ends 
r,n  Figure  dd  is  a  plan  of  tiiesaid  braoe|  and  it  will  be  ob- 
ierred,  that  the  width  of  the  metal  is  ineieased  at  every  bole 
hole,  and  at  the  joining  of  the  butts.    Figure  34  is  a  transverse 
section  of  Figure  31.    The  butts  of  the  pieces  of  square  timber 
Me  thus  secured,  first  taking  care  to  pay  tbeir  ends  with  ooal 
t«r,  or  any  such  nuxture,  and  introducing  a  inece  of  eaavaa  be* 
iw«en  the  two,  well  soaked  in  the  seme  compositaon»  The  eova^ 
or  spindle  of  this  mast,  is  to  be  made  of  I  or  4  ajjuiaps  pieces, 
according  to  the  diameter  of  the  mast,  and  tl^e  several  pieces  to 
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be  connected  round  it  with  dowels  or  coaks,  being  introduced 
between  all  the  surfaces  4  feet  apart,  3  inches  in  diameter,  and 
to  go  li  inches  into  each  piece;  a  bolt  of  1  inch  in  diameter, 
to  be  driven  through  all  the  pieces  at  every  other  dowel  in  each 
surface,  thus  preventing  the  dowels  from  canting,  and  the  mast 
from  twisting  in  the  bracing  up  of  the  yards,  &c.    The  mast  is 
then  rounded  and  tapered  from  the  heel  and  head,  and  hoops 
are  drifted  on,  taking  care  that  each  butt  shall  be  covered  with 
a  hoop ;  where  drift  hoops  cannot  be  used,  clasp  or  wedge  hoops 
should  be  substituted.    It  will  be  understood,  that  no  two  butts 
^or  joints  must  lie  in  the  same  transverse  section,  they  must  be  so 
shifted  as  to  have  a  hoop  between  each.    Figure  35  is  a  trans- 
verse section  of  a  mast  composed  of  four  three-sided  pieces  of 
timber,  the  section  is  supposed  to  be  made  just  at  the  butt  of 
the  piece;  D  and  e  represent  the  square  mortice  to  receive  a 
square  tenon  before  mentioned  ;  it  will  be  evident,  that  when 
the  pieces  of  timber  of  this  shape  are  used  to  form  the  mast, 
the  two  braces  which  must  in  this  case  be  placed  as  shown  in 
Figure  35,  cannot  be  bolted  through  to  each  other,  and  wood 
or  coach-screws  (as  they  are  termed),  therefore,  only  must  be 
used  in  their  places,  as  shown  by  the  dotted  lines.  Figure  36  is 
perspective  view  of  the  piece  D,  united  after  the  manner  of 
my  invention  to  the  piece  F.    The  upper  end  of  the  piece  D,  is 
prepared  to  receive  other  similar  braces,  and  G  is  a  square  tenon 
as  before  alluded  to.  It  will  be  seen  by  this  figure,  that  the  three- 
sided  pieces  are  connected  together  by  dowels  or  coaks,  three 
feet  apart,  three  inches  in  diameter,  and  go  I^  inch  into  each 
piece  5  and  may  be  bolted  together,  if  necessary,  and  hooped 
with  drift  or  clasp  hoops  as  in  the  larger  masts,  taking  care  to 
cover  the  butts  with  a  hoop  as  before  stated,  which  butts  should 
be  about  10  feet  apart,  thus  having  three  hoops  between  each. ' 

Observations  communicated  by  the  Patentee, — The  object 
which  this  patent  has  in  view,  with  the  rest  of  the  similar  pa- 
tents already  granted,  is  the  application  of  Riga  or  Dantzic 
timber  for  the  construction  of  ships'  masts ;  but  particular  at- 
tention should  be  directed  to  the  security  of  the  butts  in  the 
present  instance,  as  there  is  no  limit  to  the  length  or  substance 
of  the  dove-tail  braces  which  may  be  employed.    Upon  this 
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jiriiic»ple»  therefore,  it  is  assumed  that  the  butts  can  be  made 
m  fIvMg  Ihat  if  a  strain  be  applied,  the  timber  itself  will  gif« 
ymy  and  btttk  before  the  batt  will  separate.  The  mmpHdtjr 
•f  workmanship  is  a  point  in  favour  of  the  constmetion  of  theae 

masts,  as  well  as  the  connection  of  the  surfaces  tof^ther  wMh' 
dowels  and  bolt^;  and,  finally,  the  economy  in  the  ( oiiversiun' 
of  the  timber,  and  the  comparative  small  expense  of  labour, 
AvoiKWBistance  has  lately  oeeurred  which  may,  in  some  m^ 
aHMi'  tlhwtrate  the  benefits  to  be  accrued  from  this  adoptieni 
HM'Bast  India  ship,  tfie  Cam  Brea  Castle,  which  was  wrMtei 
at  the  \)-dvk  ut  ihc  Jsle  of  WiL^lit,  in  July  last,  had  her  mai0<» 
mmt  (which  was  24  iuciK'^  in  diauK^tei  )  iiiado  in  four  pieces. 
Upon  this  priuciple.  Upon  her  hrst  getting  on  shore,  it  was 
jdetmed  necessary  to  cut  this  mast  away  to  ease  the  ship  j  H 
.was  eat  half  way  through  with  an  axe,  the  rigging  which  sfq[^' 
ported  it  being  cast  oft;  and  although  the  ship  rolled  hevfily 
at  tlie  time,  the  mast  did  not  in  any  degree  give  way  until  cut 
through  Iwo-tliird-'  el'  it^  diameter;  it  then  heG:an  to  rock,  but 
jdid  not  go  by  the  board  fur  several  aiinutes,  notwithstanding 
ithat  rthe  top^masts  were  hdded,  and  the  yards  across^  which 
jCatueihii  glreat  wdght  aloft  hanging  -entirely  upon  the  maat«' 
'On^tbe  iiext  day  the«lbre-inast,  which  was  a  single  stick  of  lfa»^ 
same  diameter,  was  cut  a  very  few  inches  into  the  wood,  and' 
immediately  after  the  rigging  was  cast  off  it  went  by  tiie  boarcU^ 

.  Spee^kafion  of  Commander  John  Lihou's  impmed  Method 
fif  cm^ruetimg  PMIe^.— -The  above^med  improvef 
pintles  are  constnicted  of  the  same  metal  as  is  used  at  present 

for  ships'  pintles,  or  of  any  metal,  or  combination  of  metals, 
proper  for  the  purpose.  They  are  of  two  kinds,  which  may  be 
distinguished  from  each  other  by  the  appellations  of  live  or 
hanging  pintles,  and  dumb,  or  bearing,  or  friction  pintles ;  and 
lliey  difl^r  from  those  heretofore  used,  by  being  so  formed 
and  eonstmcCed  as  to  admit  of  nmeh  greater'foeility  of  repai'ia; 
because  each  pintle  is  composed  of  separate  parts,  as  heiein^ 
after  described.  In  my  improved  ])intk's,  the  pin,  or  pivot,  oi 
the  hanging  pintle,  and  the  bearing  stud  of  the  bearing,  or\^ 
frkdon  pintl^  are  made  separate'  and  detaehed  from  the  re*  > 
aMrfndiH':  of  the-pintleyaad  m<  be  taken  oixt''  and  pot  in  i^n 
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At  pleasure ;  ooosequenUyy  if  tiie  pia,  or  pivot,  or  bearing  Biud, 
tkmM  become  d«nu|gc4  or  braken,  it  may  be  Ukm  e«t  and 
PMif  wd  witbant  f»<flmfnirtipg  the  liiie  bmm  m  itifb  Tbm 
tummumf  or  eidii»ry  googing%  are  to  be  med  in  eoi^iMetiMi 

with  my  said  improved  lianging  pintles  to  keep  the  rudder  to 

the  stern-post. 

Tly  jmpioyed  hanging  pintles  consist  of  the  usual  side  hracea 
OBjetiwpii  furnished  with  bolt-holes  iut  flutfeniig  or  iariffinf  il 
torlH^iniHe^  and  tbe  head,  or  boi%  or  meet  of  milai^  horn 

whmU%  kiifrin  or  pivot  projects;  bvt  instead  of  tlie  pin  or 

pivot  of  the  pintle  being  cast,  forged,  or  formed  in  one  piece, 
witii  such  head,  boss,  or  mass  of  metal^  a  hole  must  be  made 
tlppugh  the  boss  to  receive  tbe  pin  or  pivot;  which  hole  mey 
bo  eyiin^ywiib  oval^  eqMUtty  pol^gonaly  or  aHghtly  eenieoly  or 

'  Whaliwr  shape  it  may  he  formed  of,  the  head,  or  upper 

part  of  the  pin  or  pivot,  must  be  formed  of  a  corresponding 
shape,  and  be  made  to  fit  it  tightly,  and  without  shake,  the  ia« 
t^iltliQjHNilHWi  that  the  pin  or  pboi  may  be  hmdj  fixed,  and 
i!iq»#liiBd|jM|Mib]e  of  tnming  round  in  the  boM|  or  of  faUieig 
tipnigh  it»r  .To ensure  thie the  more ofleetoaUy^  the  head,  or 
npper  end  of  the  pin  or  pivot,  may  be  formed  with  a  feather, 
or  with  hna  upon  ity  let  into  or  countersunk  in  the  upper  part 
of  the  boae. 

These  pins  or  pivots^  when  so  introduced  from  ahote  into 
4ipilfiMMiiMr,  use,  are  to  he  retained  theti^  and  ptowmliid  Cmoi 
vpptig,  by  the  how  of  the  pintle  being  eeonlerennk,  or  let  into 

the  wood  of  the  rudder,  which  must  fit  close,  and  bear  upon 
the  pin  or  pivot  and  boss.  The  side  braces  or  straps,  and  tha 
bosses  of  the  hanging  pinties,  as  also  the  googings  or  braces^ 
aho^Ui^ha  wule  etronger  than  the  pone  or  pivota  of  mob  ptetkN^ 
^  ^$^^•htM^m  from  thb  deaeiiption,  that  any,  or  all,  of 
these  pins  or  pivots  may  be  removed,  and  otlMrt  (whidi  ehoold 
always  be  ready  prepared  and  at  hand)  may  be  placed  in  their 
Stead.  To  effect  this  it  will  be  unnecessary  to  do  more  than 
to  takeoff  the  said  side  braces  or  straps,  or  else  to  imnove  * 
itgieltniriif  pttion  of  tha  wood  of  the  mdder  that  bgara  upon  tha 
headaof  tbe  aaid  pina  or  pivota^  and  hoeeee* 

My  improved  bearing  or  friction  pintle  consists  of  similar 
^de  braces,  or  straps  and  boss,  as  the  hanging  pintiej  and  may 
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be  made  of  the  sanic  materials  as  I  have  before  pointed  out, 
and  is  to  be  affixed  in  the  same  manner;  but  instead  of  insert* 
ng'  a  ^yiindficai  pin  or  pivot  kito  tkut  Me  of  the  boss 
kwtiaMMtt  4eflimbedy  I  introduce  a  bearing  eln^  ti^mtflklKA 
moHsA'mi  coihiMetion  of  netelSy  inlo  mieh  htA^  upwei^i^iMi 
brioer*   This  bearing  stud  has  a  shank  and  a  projectin|MiMiA 
or  nob  on  its  lower  end,  wliicli  1  make  hemispherical,  para- 
bolical, flat,  or  in  the  form  of  a  blunt  inverted  cone,  and  the 
shank  that  is  to  pesi  upwards  into  the  hole  of  the  boss  fiMm 
pinil^  nmat  be  ao  much  smaller  in  diamdey  tbaa^MliiUifiiN^ 
tahMnee  as  to  leave  a  ccmsiderable  shoulder  tei.lMllMiillilfM^ 
tbe  und«f  side  of  the  abo¥e<«named  boss ;  the  shank  that  passes 
upwarcis  through  tliat  boss,  and  tiie  hole  that  receives  it,  m^st 
respectively  be  square,  or  of  such  a  corresponding  shape  as  tA 
prevent  the  bearing  stud  from  turning  therein  |  or,  foe 
pass;^  ar^must  have  featkeis    ^ns,  as  belbie  i»aalmato4#^ 
ing  the  head' of  the  pin  or.  pivot  of  the  hanging  pintfa^iUm^ 
upper  end  of  ^e  said  shank  must  pass  through  the  boss,  and 
project  a  little  above  it,  in  order  that  it  mav  l)e  there  fixed  by 
aTloraiock  or  crof;8  key,  or  by  riveting,  or  by  9k>^(ffB&tuMl^i1tf^, 
any  other  suffi<»ent  means  to  retain  it  ia.  its  plaiMi^  fntn^^ 
iadiropping  ottt4  -  ;  .'<u  (4r  "^^w^ 

The  pins  or  pivots  of  the  hanging  pintles  may  be  also  iatN»^ 
duced  and  secured  in  their  respective  bosses  in  the  same  man- 
ner. This  friction  or  bearing;  pintle  may  work  upon  the  usual 
googing,  hut  in  order  to  reduce  friction,  tiie  friction  or  bearing 
pintle  must  work  upon  a  ooanter  or  inverted  frialioa  piatlai 
The  phi  or  stnd  of  such  iomted  pintle  is  to  ha  eepanit%  and 
seeuied  in  its  hoss*as  before  described,  and  iiirmed  either  widt 
a  flat,  convex,  concave,  indented,  or  hollowed  end,  or  protube- 
ranccr^f  head  metal,  for  the  purpose  of  receiving  and  support- 
ing the  underside  of  the  corresponding  protuberanei^  headt.or 
stud,  of  the  friction  or  bearing  pintle  of  the  mdder* 

In  fimuf  and  applying  thsse  Imriag  frietion  pintlei^  their 
Mpedhre  positions  upon  the  rudder  and  stern-post  should  be 
such,  that  the  whole  vertical  pressure  or  weight  of  the  rudder 
may  be  thrown  upon  them.  Two  of  tht^c  bearing  or  friction 
jantles  will,  I  conceive,  be  found  sufficient  igr  the  rudder  of  a 
ship  of  nne  thovsand  tons,  thoi^h  mora  nwy  ha  aaeik  The 
nMnber  of  hanging  pindtt  nay  ba  iudi  a»  my  be  9mA 
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otasttry  tg«ocure  the  rudder  to  the  stern-post.  Neither  om 
Hmm  impiivid  piatiM  liiiiiltd  «•  fe»  tht  pim  cr  foAHaa  ilHf 
mmfhB  phiei<4a  on  the  itwn  part  Mid  iMMcr,  tea  iMd  to 

1lielSM¥€» 

'  The  friction  pintles  may  be  placed  on  the  sterii-po^t,  and  the 
hanging  pintles  on  the  rudder  3  or  the  hanging  pintles  may  be 
•Mitebtd  ^4iia.at«ii*po8t,  and  the  hkdaa  pkulet  to  the  riuU 
4toi  mttkm  many  nmy  of  oMnw  be  omA  m  mWf  nwiiirriiag  to 
liie  rfMiiiHiiality  of  ^  rtimA,-  he.  mfiML 

'^t^Mtoto^iil^to  bo  mdwrtood)  timt  my  mdf  oWm,  mder  my 

said  invention,  is  for  making  the  pin  or  pivots  of  the  hanging 
pindes,  and  the  bearing  studs  (or  heads,  and  the  piui>  to  which 
tboy  ace  attached)  of  the  benrkig  or  fi-iction  pinties,  imkipeBr 
4Mlf  iHMl^distMet  from  the  fentonder  of  the  piotlot* 

-"Jv^lfiJJj  Ais  aniddtr^  and  B  the  otirn^posl^  of  ft»CMtl 
fitted  "^^khr^lhe  improved  hanging  jMntlw  at  c,  e,  c,  and  beariaf 
the  friction  pintles  at  </,  d.  In  Fig.  38  A  is  a  view  of  the  back  of 
a  rudder  which  hts  into  a  grooved  stern-post  in  which  the 
•1010  baopng  and  frictum  piotiet  are  shown  iu  corresponding 
iitoaiiiM''  Mg*^  is  la  eolarfed  view  of  tbo  battling  pioUo 
«idi j||}foi9topooduig  brace  or  googing.  Fig*  40  ia  tbo  pin  or 
pivo^  of  that  pintloy  as  it  appears  what  detached  from  its  bracO| 
showing  the  fins  that  prevent  its  turning  or  Tailing  througli. 
The  wood  into  which  these  pintles  are  titt^^d  prevents  these 
pin%||om  rising,  as  sho^vn  in  Figs.  37  and  38  i  and  Fig.  41  iaaa 
VlMmilll^iamf  of  tbe  Inotion  or  bearing  pintle^  witb  iU  com^ 
•pondingi^face)  to  bear  the  weight  of  the  rodder*  Fig.42ie 
llie  pin  or  pivot  of  the  friction  or  bearing  pintle  in  its  detached 
state.  Fig.  43  .shows  part  of  a  ciuLin,  with  a  swivel  joint,  for 
towing  a  rudder  end  on  in  the  event  of  its  being  knocked  off, 
iiiimd  of  towing  it  by  the  vwal  rudder  pendants^  wbioh^  giving 
to»<IWl|liitninr  Hon,  ft«qaently  occaaoaa  its  lota, 

,'.t  ' 

•  Obsei^aiioiia  communicated  hy  tJie  PulerUce. —  I'his  mode  of 
constructing  and  htting  the  rudder  occurred  to  me  after  a 
lillillp  accident,  which  happened  to  the  ^^nehia,a  ship  of  600 
IHil^^iibMi^X  commandcMd*  We  wscre  rumuiig  through  tbe 
Totiet-itraita  from  watt  to  eaat,  the  only  ship  that  has  ever 
done  8O5  when  we  strack  on  a  sunken  rock^  and  knocked  off  the 
rudder*    Having  hoisted  it  on  board^  I  found  the  only  injury 
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sustained  was  in  the  pintles,  the  pins  being  all  broken  at  the 
neck.  This  misfortune,  though  trifling  in  itself,  was  the  oc- 
casion of  very  great  delay  and  expense,  as  we  were  obliged  to 
make  for  Port  Jackson,  the  nearest  harbour  where  the  pintles 
could  be  repaired,  which  we  were  a  month  in  gaining ;  this  was 
necessary,  as  we  found  no  temporary  expedient  which  we  could 
devise  would  bring  the  ship  under  proper  command.  It  then 
occurred  to  me  how  much  better  it  would  be  to  have  the  pins 
detached  from  their  braces,  so  that  by  having  a  spare  set  on 
board  when  the  pins  broke,  they  might  be  replaced  at  sea,  in 
as  complete  a  manner  as  in  a  dock,  thus  avoiding  all  the  trouble 
and  danger  which  I  experienced,  in  the  above-mentioned  case, 
of  making  for  a  port,  and  nearing  the  land,  in  an  unmanageable 
condition,  and  then  sending  the  rudder  on  shore,  that  the  pin- 
tles might  be  taken  off,  moulds  made,  and  the  whole  recast. 
Further,  in  cases  where  the  broken  pin  remains  jammed  in  the 
googing,  a  vessel  must  be  docked  or  hove  down  to  get  it  out. 
Now,  in  order  to  avoid  so  much  disaster,  and  to  give  a  ship  the 
means  within  herself  of  readily  repairing  this  most  serious  mis- 
fortune, I  propose  to  construct  the  pintles  in  two  pieces,  the 
pins  separate  from  the  braces,  and  that  they  may  be  shifted  or 
removed  as  occasion  requires ;  and  if  damaged  may  be  easily 
replaced,  even  at  sea,  by  merely  hoisting  the  rudder  on  board. 

It  is  needless  to  particularise  the  numerous  ships  that  have 
been  entirely  or  nearly  wrecked  from  not  having  the  means  of 
repairing  their  rudders  at  sea ;  as  the  frequent  recurrence  of 
damage  to  rudders,  and  the  great  danger  attendant  on  it,  must 
be  familiar  to  every  one  at  all  conversant  with  naval  affairs. 

I  have  availed  myself  of  the  grooved  stern-post,  and  adapted 
it  to  tow  end  on,  if  knocked  off;  but  the  grooved  stern-post 
which  is  now  used  has  a  groove  equal  to  the  breadth  of  the  fore 
part  of  the  rudder,  as  shown  in  Fig.  44.  This  plan  labours  under 
the  disadvantage  of  cutting  deeply  into  both  stern-post  and  rud- 
der, besides  leaving  knife  edges  on  the  stern-post,  which  are 
very  objectionable.  By  the  plan  which  1  propose,  of  applying 
a  small  circle  to  a  large  stern-post,  as  shown  in  Fig.  45,  many 
advantages  are  gained,  in  facility  of  shipping  and  unshipping, 
snugness,  diminished  backwater,  &c,  &;c.,  and  the  evils  attend- 
ant on  the  old  method  are  avoided. 
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Art.  IX. — ClMpniaris  Work  on  Ships  of  Wary  translated  from 
;  the  Swedish,  by  Wm.  Morgan,  if  Bis  Mt^e9ty*9  Dock-yard 
at  PorUmmtth* 

Of  all  the  authors  on  naval  architecture,  Chapman  is  deservedly 
the  first  in  rank  :  his  genius,  love  of  his  profession,  and  sincere 
devotion  to  its  interests,  have  rendered  all  his  works  on  ttiis 
science  of  the  very  highest  value.  Chapman  may  be  comtidered 
pre-eminently  as  the  champion  of  the  theory  of  ship-boilding ; 
and  it  may  be  observed,  that  he  who  was  perhaps  the  greatest 
/>rac/iea/ construetor  of  any  country,  was  the  most  decidedly 
convinced  of  the  absolute  necessity  of  submitting  all  hisinvesti- 
gallons  of  the  subject  unreservedly  to  the  direction  of  theo^ 
reiieal  principles. 

The  distinguishing  characteristic  of  Chapman's  works  on 
ship- building,  is  the  application  of  the  inductive  method  of 
philosophy  to  the  different  parts  of  the  subject.  His  constant 
object  was  to  found  a  theory  on  experimental  retuihs  *,  and  he 
never  indulged  in  speculation  or  hypothesis,  when  the  subject 
permitted  him  to  conduct  his  investigations  on  actual  measure-* 
ment  and  correct  observation.  In  those  cases  in  which  he  had 
not  sufficient  data  on  which  to  found  a  theory,  he  toiuhicted 
his  investigations  on  the  acknowledged  principles  of  tiiechaaics, 
and  subjected  his  results  to  the  test  of  observation  and  com- 
parison. If,  In  a  few  instances,  he  departed  from  this  method 
of  investigation,  he  showed  himself  fully  aware  of  the  uncer- 
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tfunty  of  the  results ;  and  it  is  to  be  remarked,  that  the  excep- 
tions to  this  general  mode  of  his  procedure  were  fewest  in  his* 
latest  works.  He  attempted  to  arrive  at  a  complete  theory  of 
naval  architecture.  He  sketched  the  outline  unth  a  master's 
hand ;  and  if,  in  some  places,  the  filling-in  was  imperfect,  yet, 
as  a  whole,  his  works  have  never  been  surpassed. 

The  most  celebrated  work  of  this  author  is  his  "  Treatise  on 
Ships  of  War:"  it  was  written  when  his  scientific  knowledge 
was  improved,  his  experimental  knowledge  enlarged,  and  his 
judgment  matured.  It  contains  the  result  of  all  his  labours  on 
the  subject.  In  his  former  works  he  gave  the  theory  of  the 
science,  with  an  occasional  application  to  the  design  of  ships ; 
but  in  this  he  collected  and  gave  in  detail  all  the  data  which 
affected  the  qualities  of  ships,  calculated  their  effects  under  dif- 
ferent circumstances,  and  determined  on  theoretical  principles, 
deduced  from  his  experience,  the  dimensions  and  forms  of  all 
ships  of  war,  from  a  first-rate  to  the  smallest  armed  vessel. 
Their  calculated  elements  are  collected  in  tables ;  and  drawings 
of  all  the  ships  constructed  agreeably  to  these  elements  com- 
plete the  work. 

The  high  reputation  of  this  work,  and  the  desire  that  the 
information  it  contained  should  be  open  to  the  English  con- 
structor, first  induced  the  translator  to  undertake  the  rendering 
it  into  English  ;  and  he  trusts  that  the  knowledge  this  work 
imparts  on  this  important  subject,  will  be  found  generally  use- 
ful in  the  design  of  our  future  ships  of  war.  The  translator  • 
has  preferred  giving  a  close  rendering  to  a  free  translation,  in 
order  to  ensure,  as  far  as  in  his  power,  the  true  meaning  of  the 
author ; — who  appears  rather  to  have  attended  to  the  matter  he 
had  to  communicate  than  to  the  manner  of  his  communicating 
it.  Tlie  translator  hopes  that  the  faults  he  may  have  fallen 
into,  if  they  should  not  be  found  of  great  consequence,  may  be 
forgiven,  from  a  consideration  of  the  numerous  difficulties  he 
had  to  contend  with  in  a  language  so  little  known  as  the 
Swedish. 

All  the  j)lates  necessary  to  the  illustration  of  the  work  will 
be  given  with  the  translation.  The  large  sheer  draughts,  &:c. 
of  the  different  classes  of  ships  given  in  the  original,  are  ne- 
cessarily omitted,  on  account  of  the  very  grejit  expense  their 
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engraving  would  have  incurred.    To  a  scientific  constructor 
this  omission  will  b^e  of  little  or  no  importance,  as  all  the 
niensions  and  elements  of  design  are  given  in  the  tables,  fiqm 
which  the  diiTcrcnt  drauaiits  may  he  easily  made. 

Reference  is  made  by  the  author  to  bis  other  works,  some  of 
which  have  never  been  translated.  It  is  intended,  hy  the 
translator  of  the  present  treatise,  to  continr.?  the  rendering 
into  English  all  the  other  work^s  of  this  author,  which  have  not 
been  translated  either  into  French  or  English,  and  which  are 
Ukely  to  conduce  to  tl^e  ipiprove^n^ei^i^  of  naval  architecturcj^,^9 
bia  time  may  permit,  \.,\^\  \ 

^otes  will  be  given  at  the  conclusion  of  this  translation.  r 

ifr^  vci  vtMn  jHXf  ujO'uj  >TJ7/  villi  wnkit, 

"  A  Theoretical  Essay,  to  determine  tJte  Proper  Size  and 
Fonn  of  Shijys  of  the  Line,  as  well  as  of  Frigates  and  Smaller 
Armed  Vessels.*'  By  F.  H.  af  Chapman,  Vice- Admiral,  Com- 
mander of  the  Order  of  the  Wasa  with  the  Grand  Cross,  Knight 
of  the  Order  of  the  Sword,  Member  of  the  Royal  Academy  of 
Sciences,  active  Honorarv  Member  of  the  Roval  Academy  of 
Military  Science,  and  Honorary  Member  of  the  Royal  Aca- 
demy of  Painting  and  Statuary  at  Stockholm. 

•Jj/il  Olil.lO    libhl;IJ    l>|{t  HliM^h 

riiis  theoretical  essay,  to  determine  the  proper  size  and  form 
of  ships  of  the  line,  is  dedicated  to  the  King,  by  his  most  liuni- 
ble  and  loyal  servant  and  subject,  ' 

CarLkrona,  1806.  F.  H.  af  ClIAPMAN. 

Iniroduclioti, 

Before  the  explanation  of  the  contents  of  this  treatise  is 
given,  the  qualities  of  ships  which  were  formerly  built  will  be 
considered  ;  a  knowledge  of  which  can  be  obtained  only  from 
a  short  historical  account  of  their  size  and  armament,  by  which 
may  be  seen  what  alterations  have  been  since  made  in  ships, 
and  what  effects  these  alterations  have  at  length  produced.  It 
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js  useless  to  inquire  into  the  circumstances  of  vessels  when  they 
were  propelled  with  oars ;  when  arrows,  spears,  stones,  and  rams, 
were  their  only  weapons.  This  investigation  should  not  com- 
mence before  the  period  when  cannon  were  first  used  at  sea,  when 
the  vessels  no  doubt  retained  some  similarity  to  the  row-vessels 
used  immediately  before,  with  elevations  for  the  soldiers  for- 
ward  and  abaft.  Tliese  elevations  were  at  first  used  as  castles, 
in  which  small  cannon  were  placed,  the  vessels  remaining  still 
low  in  midships,  in  order  that  oars  might  be  used  as  well  as 
sails.  As  the  advantageous  effect  of  cannon  became  better 
known,  a  deck  was  laid,  on  which  cannon  were  placed  at  cer- 
tain ilistances  apart,  on  both  sides,  along  the  whole  vessel, 
when  they  were  propelled  only  by  trails ;  and  as  cannon,  by  de- 
grees, obtained  a  more  convenient  form,  and  their  great  advan- 
tage in  war  became  still  more  evident,  and  the  men  gained,  by 
experience,  greater  confidence  in  using  them,  vessels  were  con- 
structed still  larger,  to  which  another  deck  was  added  ;  so  that 
they  carried  two  tiers  of  guns,  one  over  the  other,  with  the  cas- 
tles continued  fore  and  aft,  when  the  vessels  were  armed  with 
guns  selected  from  those  which  were  at  hand,  of  such  a  size  as 
the  room  for  recoil  would  admit,  and  which  it  was  considered 
they  could  carry  with  safety  j  which  may  be  collected  from  the 
following  account. 

About  the  middle  of  the  sixteenth  century  the  Mars  was 
built,  which,  on  account  of  its  uncommon  size  and  armament, 
was  called  the  Incomparable,  It  carried  1/3  guns,  125  of 
which  were  of  copper;  the  dimensions  of  this  ship  are  not 
known,  but  the  armament  was  as  follows  : — 
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The  greatest  part  of  this  armament  consists  of  very  small 
pieces,  so  that  not  more  than  07  of  them  can  be  considered  as 
cannon ;  namely,  the  first  six  kinds,  or  the  47  guns,  which  may 
be  supposed  to  have  been  placed  on  the  two  decks,  and  the  20 
four-pounders  forward  and  abaft  on  the  castks,  making  to- 
gether 67  caimon;  the  42  smaller  pieces  on  the  two  nsKt 
lines,  may  be  supposed  to  have  been  placed  round  on  the  top 
of  the  castles,  as  our  modern  swivels ;  and  the  64  amallcst 
ptiecea  were  a  kind  of  small-arms  or  masketoon*«  The  pr<^f 


*  An  tbftt  relates  to  these  ancient  blii[is  ia  tiiken  from  the  voyages  of  the 
Swadisli  Davjr,  by  L.ieuteiiaat-Colo(iel  Toruijuiat,  and  by  Jacob  ierngstriiiu,  in 
tbe  fimkii  pttt  of  Ibe  TmiSMtionft  of  the  Rojal  sW«di«]i  Aeademy  of  Sciences. 

s  In  tlie  jenr  1564,  it  was  t&e  Admittl's  ibip,  in  t  M7«n  engagement  wiMi  tit« 
iWps  of  Deaaiifk  tn4  Lnbaoi  botirooa  Otland  nd  Godilsad.  Tho  engagcflwit 
took  plooo  undor  Mil  ynliSk  MT«p!al  of  tbe  eoeaiT'e  oliipe  st  tiio  tame  time.  It 
nttfiortiuiBtely  htfpened,  during  tbe  action,  tbat  aome  loose  powder  between 
decks  took  fire,  Wliicb  oommnnicatecl  witb  tiienagaiinet  and  tbe  ship  was  blown 
np.   Fkobabljr  buUea  weie  nsad  for  tbe  powder,  eaitridgea  not  bebur  tien  in 
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size  and  form  of  cannon  were  not  determined  in  proportion  to 
the  weight  of  the  shot  before  the  beginning  of  the  seventeentli 
fcentury,  when  ships  were  first  constructed  to  carr\'  a  previously- 
determined  number  of  guns,  which  may  be  collected  from  the 
following  table.  It  is  also  known,  from  history,  that  in  the 
year  1628,  when  the  Wasa,  of  80  guns,  half- carta uers,  or  2^4- 
pounders,  sailed  from  Skeppsholmen  to  Stockholm,  with  only 
ihe  three  topsails,  in  a  light  south-west  wind,  intended  for  an 
Expedition  to  the  Baltic,  this  ship  did  not  proceed  farther  than 
Blockhusudden,  or  about  fifteen  or  sixteen  cables*  lengths  from 
Skeppsholmen,  when  it  upset,  and  sank  ten  fathoms,  so  that 
all  below  the  main  cross-trees  was  under  water. 
■  That  the  TVasa  carried  80  guns,  probably  on  three  decks,  is 
fcrediblc  ;  but  that  all  the  armament  consisted  of  half-cartauers, 
br  24-pounders,  must  be  considered  to  have  been  a  mistake  of 
the  historian,  for  this  reason;  a  ship  which  could  carry  such 
an  armament,  must  have  been  nearly  as  large  as  the  Crona  (see 
the  next  table),  in  order  that  it  might  not  upset,  even  in  har- 
bour, without  the  effect  of  the  wind  on  the  sails  ;  but  that  it 
was  not  so  large  may  be  inferred  from  the  circumstance,  that 
the  depth  of  the  water  where  it  sank  was  not  more  than  60 
feet,  and,  consequently,  if  the  lengths  of  the  masts  agreed  with 
those  of  the  ordinary  ships  of  that  period,  it  must,  when  grounded, 
have  had  an  inclination  of  30  degrees,  when  the  main  cross- 
trees  were  just  above  the  surface  of  the  water.  It  would  also 
be  considered  as  a  very  large  ship,  because  it  was  built  30  or 
40  years  before  the  Slora  Crona.  The  conclusion  must  there- 
fore be  drawn,  that  only  the  lowest  tier  of  guns  were  24 -pound-* 
ers,  and  that  the  two  other  tiers  of  guns  were  of  less  weight  of 
metal  i  but  that  nevertheless  the  armament  was  too  great  for  its 
size. 

In  the  following  table.  A,  which  is  an  extract  from  several 
navy-lists,  the  oldest  I  could  find,  coming  down  to  nearly  the 
conclusion  of  the  last  century,  different  kinds  of  ships  of  war  are 
found  with  very  dissimilar  armaments ;  but  as  the  consideration 
of  merely  this  table  cannot  give  any  correct  information,  whe- 
ther the  ships  had  greater  or  less  dimensions,  with  respect  to 
the  weight  of  their  armaments,  it  is  necessary  to  find  some 
other  method,  by  which  a  comparison  between  their  magnitude 
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Jirt'ff' Weight  of  armaMcnt  rtiay  be  formed.    It  is  howevi^r,  tn  the? 
first  place,  necessary  to  mention  the  following  particulars. 

1 .  When  the  s>hij)s  of  war  of  all  nations  are  com})arcd  with 
one  another,  it  is  found  that  there  is  a  similarity  in  this  particu- 
lar circumstance,  the  form  of  the  bottom ;  and  that  this  simi- 
liaritv  has  existed  from  distant  periods  among  all  nations  using* 
open  row-vessels,  mentiotied  above  ;  namely,  that  the  form  of 
the  midship  sections  can  be  compared  with  a  trapezium,  with* 
its  sides  inclining  outwards,  to  prevent  the  sea  from  breaking' 
over  the  gunwales,  diminishing  downwards  from  the  water-line, 
and  rounding  at  the  bilge.    The  difference  of  the  form  of 
the  midship  sections  of  ships  of  war  from  that  of  the  midship'' 
sections  of  these  vessels,  is  chiefly  in  the  tumbling  home  of  the' 
upper  works,  so  as  to  form  a  fair  continuation  with  the  shipV 
sides. 

f  2.  It  may  be  admitted,  in  regard  to  the  subject  under  oon- 
sftderation,  that  all  ships  of  the  line  have  their  depth  or  draught' 
of  water  in  a  constant  ratio  to  their  breadth,  J-  to  I  j-^r  ic 
Consequently,  if  the  length  of  a  ship,  from  8tett1*to  stertiposty 
=  L,  and  breadth  =  B,  its  magnitude  or  displacement  is  ex-' 
pressed  by  B  2  L.  • 

3.  As  ships  of  the  line,  like  other  machines,  must  be  esti-' 
mated  bv  their  effects,  and  as  the  effect  of  ships  is  produced  by- 
cannon,  the  effect  of  that  ship  is  the  greatest  whose  number  of 
guns,  multiplied  by  the  weight  of  its  shot,  gives  the  greatest 
product,  C.  (See  the  Table.) 

4.  As  the  ship  is  designed  for  the  guns,  its  magnitude  must' 
be  proportional  to  the  weight  of  the  armament,  or  to  C;  and- 
when  a  comparison  is  made  between  the  armaments  of  greater- 
and  smaller  ships  of  the  line,  such  as  they  were  in  the  middle  of 
the  last  century,  their  magnitude  and  stability  will  be  rightly 
expressed,  when  B^L  is  equal  to  about  2900  Cf.  ^-^-^  v  • 

'liii  ill  •  9  JOIt 

Put  onTuTn*  =  w;  when  m  =  1,  the  magnitude  of  the  ship* 

'M'T  I*?/**  ^<»^<f  1  • 


is  in  a  proper  proportion  to  the  weight  of  its  armament;  but. 
when  the  quotient  m  is  less  than  1,  the  ship  is  too  small.  .Pwt, 


B  =      thcn'L  =  ^2900  7i''m  Cf:  if  the  magnitude  of  the 
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»hip  should  bear  the  same  proportion  to  its  armament^  as  was- 
luttal  about  the  middle  of  the  la&t  century^  then  m  s  l^md 
n  3,82. 

.  Wbeii  tbeae  vahws     substituted  itt  the  equatioD  jn^ 
tioiifid,  the  length  is  obtained,  which  is  Inserted  ia  the  second 
eolanin  of  the  table  from  the  right  hand,  under  the  heading : 

the  proper  dimenmom,  viz.  in  proportion  to  the  weight  of  the 
armament;  and  the  breadth  is  etjual  to  the  length  divided  bj 

The  pvodnct  B'L  is  not  a  sufficient  evidence  of  whieh  ship 
is  the  best»  for  the  cireumstauce  of  the  greatest  breadth  con- 
tinuing before  and  abaft  the  middle^  affecu  both  the  stability 
and  the  displacement ;  but  although  this  is  by  no  means  the 
oiUy.delect  in  the  tables  yet,  for  the  present  purpose^  this  rnk 
may  be  considered  very  good. 

Sboulpljt  be  aaked»  what  was  tbe  sixe  of  the  Jtfoilato^— *As 
Ibis  ship  was  ia  an  engagement  in  the  year  1564,  and  nothing 
IS  said  of  its  stability,  it  must  be  supposed  to  have  been  as  stiff 
a&  ships  of  that  period  usually  were  ^  thus  it  may  be  supposed 
that  m  0,8,  and  n  =  ^,8  :  when  these  values  are  substitute 
In  the  foregoing  equation,  it  will  be  found,  that  its  lengtii  was 
ibou^  104  feel;,  and  tiie  breadth  42  feet ;  dimensions  which, 
240  yean  ago,  must  have  constituted  it  an  unusually  large 
ship. 

In  the  consideration  of  this  table,  it  is  the  quantity  m  which 
immediately  engages  the  attention,  which  is  perceived  to  bfl 
vpty  snudl  fpr  those  ships  which  were  buUt  near  the  end  of  jdie 
174  Wtwryj  which  .may  be^  in  a  great  degree,  accounted  for 
§fm  the  precaution  which  was  taken  with  them  :  1.  tliey  had 
not  heavy  rigging;  and  2.  they  took  so  much  ballast  that  the 
height  of  their  lower  battery  was  generally  not  more  than  about 
H  feet  above  the  water  so  that  in  a  strong  wjnd  they  conld 
not  engage  in  any  service,  because  they  could  not  venture  to 
opiBh  their  lower  tier  of  porU. 

These  ships  could  never  carry  provisions  for  more  than  three 
months ;  and  as  the  fleet  at  that  time  was  stationed  at  Stock- 
holm, it  was  necessary  tliat  they  should  be  attended  by  vessels 
to  carry  provisions,  that  what  was  consumed  during  the  long 
coasting  voyages,  might  be  replaced,  in  order  that  tiiey  might 
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keep  their  three-months'  provisions  in  reserve  when  they  went 
to  sea. 

The  many  different  values  of  m  are  to  be  accounted  for  by  the 
following  reasons  :  1.  As  foreign  builders  from  Germany,  Eng- 
land, and  Holland,  were  employed  in  building  the  ships,  espe- 
cially in  the  16th  and  first  half  of  the  17th  century,  who,  from 
their  state  of  knowledge,  could  be  regarded  only  as  mechanics, 
each  of  whom  adopted  the  method  he  had  seen  and  learnt,  it  so 
happened,  that  the  ships  which  were  built  to  carry  a  certain 
number  of  guns,  were  very  different  in  size  ;  2.  When  a  ship 
was  built  to  carry  a  certain  number  of  guns,  the  commander-in« 
chief  determined  the  size  of  the  guns  ;  3.  The  master  rigger  in- 
dependently determined  the  lengths  of  the  masts  and  yards : 
that  is,  one  built  a  ship,  another  determined  its  armament,  and 
a  third  gave  the  masts  and  yards, — each  according  to  his  own 
notions,  lliis  was  in  a  great  measure  the  cause,  that  from  the 
middle  of  the  16th  to  the  end  of  the  18th  century,  no  particulfir 
improvement  took  place  in  the  ships. 

Of  all  the  ships  here  mentioned,  the  Stora  Crona,  which 
had  brass  guns,  was  the  worst,  as  appears  by  the  quan- 
tity 7W  =  0,639.  When  this  ship,  in  the  year  1676,  was  in  an 
engagement  with  the  Danes  and  Dutch,  in  C.nlmare  Sound,  it 
upset  in  tacking ;  the  cause  assigned  is,  that  this  operation  was 
not  performed  with  the  care  which  the  crankness  of  the  ship 
required,  which  arose  from  the  ballast  having  been  taken  out  of 
the  hold,  by  which  the  draught  of  water  was  diminished  seven 
feet,  which  is,  no  doubt,  an  error  of  the  press.  If  all  the  ballast 
and  every  thing  else  in  tl\e  hold  had  been  taken  out,  the  ship  would 
not  have  been  lightened  seven  feet ;  but  if  about  600  skipponds 
of  ballast  were  taken  out,  it  would  have  been  lightened  seven 
inches,  which  is  probable.  But,  at  all  events,  this  ship  was  too 
small  in  proportion  to  its  armament,  as  may  be  seen  from  the  last 
twocolumnson  the  right  hand  of  the  iMe:  the  proper  dimetisionSy 
length  and  breadth.  When  these  dimensions  are  compared 
with  those  which  the  ship  really  had,  it  appears  improbable 
that  it  should  float  without  immediately  upsetting  ;  to  prevent 
which,  it  was  necessary  to  take  so  nmch  the  more  ballast,  and 
provisions  for  only  three  months,  and  water  for  half  that  time, 
wh^n  the  height  of  the  lower  battery  was  about  3^  feet,  as  was 
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jovl  In^tlohed.   Ahd  as  sMpii  at  thai  |MNrfiiMl  lind  wot  gml( 
areas  of  sails,  and  consequently  bad  small  masts  and  ligliS 
^ng ;  and  as  It  was  nmr  ettstomary  to  feltki  a  litia  «f  Mtlle 

close  hauled;  this  ship  could  scarcely  Ix?  much  frM. in  light 
winds,  t.' veil  with  thp  little  "^tLiltilitv  it  TM^'-^r-^-^t'd. 

The  Jbjm(//iti,  of  94  f^uns,  which  had  two  tiers  of  24-pound-** 
{m  this  Table),  and  was  foutid  in  the  yeSf  17^^  to  he 
mit/M  Ilk  slabiHty^  had  the  IbHMlng  altferalhm  Mssb  In  lis  ^ 
MMDiMtt  24  24-p(»ihders$  26  IS-fyoundemy  4lid  18  t  pwppi  > 
err?;  in  all  78  guns;  when  her  name  was  chane^ed  to  iihe 
Ko/iuny  F/tdrik.  For  the  same  icm^^oii  the  aiuiaiiient  of  the 
Carolm,  of  108  guns,  was  altered  as  follows:  30  24-pounders, 
28  IS^pounders,  28  S'-'poundeHs,  and  14  4<^pottndeM$  in  #U 
100  ^gi&B^  This  altfemt^  Was  no  doubt  maida  to  psevoait  ^ 
dltbld^  tod  ddny  vvhtch  ocenr  m  serrln^  tlie  pcnt^dtf  and  Htm^  • 
lA'acHo'k^y  when  guns  of  different  calibre  are  placed  on  the  stmm 
deck.  ■ 

But  what  particularly  denmud;)  attention  in  the  consideration^ 
of  the  (piKSnftity  h  this;  that  dudng  neahrly  iDwo  otfksturieft  the 
fl^didttot  i^ceM  Hhy  hnprov«!medft»  by  an  jnapeaae  kk  tW 

^laie  bft)ife  shlpis  in  proportion  to  the^eiglit  'of  tMr  armamep^ 

The  Stockholm  was  built  in  the  year  1708,  in  which  shi|iM'3aH» 
0,833,  and  \\'r\%  thus  vvoiiu  than  that  built  in  lf)57,  in  wh-ich 
m  =  0,935  ;  which  is  tlie  more  remarkable,  as  at  that  tiqieaL. 
^ttkt  lortimber  of  ships  were  built  with  a  view  to  perflliMM||grc 
tp  k  fleot  fbr  t^e  defence  of  the  kingdom.  ,  . .  .i  vi I  r 

ihoFdS  of  attack  M  that  time  explains  the  toason  miliy  Jhi- 
ships  t^fe  so  srrmll  in  pi opor^tion  to  the  weight  of  their  arma-^- 
ment.  \\  Ihmi  two  ho^tiU^  flot'ts  met,  th<^  foremost  ships  imme- 
diately commenced  the  attack,  either  to  board,  sink,  burn,  or 
wreck  ea6h  other }  so  that  the  sails  were  most  tn  ftfi^tioni 
bdbrethe  cbmnnenceikient  of  an  «ngiigemeiit|  Co  g«t  tp^imlk^ 
«M1  and  come  to  action ;  iand  at  length  for  the  «faif%i«iiAflltf 
<*infld  hot  sustain  the  action,  to  escape  as  quickly  as  possible  ;• 
and  as  it  was  never  necessary  to  engage  Avith  ail  sails  set,  in 
higli  winds,  close-hauled,  as  now  practised,  neither  was  it  ne«* 
liessary  that  the  ships  should  be  much  stiffsr  than  they  ^lenr 
were.  Bdtabont  the  middle  of  the  iast  centafyi  wli^  alii^ 
ftoethod  dp  fighting  was  already  practised  Vf  oichar'iurtiitis,  \^ 
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could  not  be  unknown  to  him  or  them  who  had  the  direction  of 
the  naval  affairs  of  the  kingdom  ;  and  in  order  that  the  ships  of 
the  Swedish  navy  should  possess  as  irood  qualities  as  those  of 
other  nations,  it  was  necessary  that  the  ships  which  were  to  be 
built  should  be  constructed  in  reference  to  it;  but  that  it  cer-^ 
taiiily  was  not  known  on  what  the  stability  and  good  sailing  de-p 
pended,  which  were  necessary  in  such  manopuvres  in  action, 
may  be  seen  from  what  follows.  ♦ 

In  a  regulation  which  was  published  in  the  middle  of  the 
I8th  or  last  century,  the  dimensions  of  ships  of  JO,  60,  and  50 
guns  were  determined,  (according  to  which  three  ships  were^ 
built  in  the  years  1 756  and  17^8,  see  the  Table,)  and  in  which, 
atnong  other  things,  is  the  following  observation  :  "  that  the 
greatest  increase  in  comparison  with  ships  formerly  built,  took 
place  in  the  length  and  depth  ;  because  better  sailing,  among 
other  things,  cannot  be  obtained  in  any  other  manner ;  both 
the  length  and  depth  being  strictly  in  reference  to  this  object  in^ 
the  relation  between  the  three  ships  of  different  sizes  :  but  great 
breadth  is  given  to  afford  properly,  sufficient  room  for  the  guns/'j 
Reasoning  which  certainly  docs  not  give  the  best  prospect  of 
the  improvement  of  the  fleet.       ~*~  -       —  ( 

As  such  a  principle,  when  the  improvement  of  the  fleet  was 
the  object,  could  not  escape  the  observation  and  examination 
of  thinking  men,  a  commission  was  commanded  by  the  King 
for  the  improvement  of  certain  ships,  which  made,  on  a  reason-j 
able  principle,  with  the  gracious  approbation  and  confirmation 
of  his  Majesty,  a  new  rule,  by  which  two  ships  were  built  in  the 
years  1774  and  1775.  (See  the  Table.)    ♦ 

fn  this  manner  ships  at  length  came  to  be  built  of  such  a 
size,  as  to  be  in  some  degree  adapted  to  the  weight  of  their  ar- 
mament, and  to  the  method  of  engaging  in  action  then  prac- 
tised, as  appears  from  the  quantity  m—  1,123,  Ijy  which  they 
obtained  such  a  moment  of  stability,  as  to  use  their  lower-deck 
guns  in  action  in  a  topsail  breeze.   •  '-v  iaioriixii?  j 

The  following  table  is  an  extract  from  several  navy-lists. 

.  I  i  _ . 
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SHIPS'  NAMES. 

Total  of  Qans. 

Deck. 

Weif»bt  of  Metal,  and 
Number  of  Guns. 

Number  of 
Crew. 

« 

'S 
.a 
e 

36 

;3fl 

1  24 

l£ 

1  12 

t  ( 

1  ^ 

Cronan              '  ^ 

126 

1 

2 
3 
4 

15 

•  • 

•  • 

;  4 
36 

2 

K 

88S 

In  action  in  1676. 

• 

2(1 

•  • 

86 

1 

2 
3 

12 

!  4 

14 

1 

704 

1 

1 

i  4 
2C 

.. 
> .. 

•  • 

86 

1 

o 
*d 

3 

•  • 

•  • 

2b 

57ft 

Qfl 

10 

12 

2 

6 

64 

1 

2 
3 

•  • 

•  ■ 

12 

14 

454 

1  Q 

la 

6 

12 

•  • 

2 

70 

1 

2 
3 

2» 

0 

324 

18 

8 

10 

50 

1 

2 

18 

~4 

280 

20 

8 

62 

1 

2 

3 

24 

320 

14 

2 

W^rftugcl  ••••  ••••  •••••••• 

70 

1 

2 

3 

•  • 
«  • 

•  • 

•  « 

22 

•  ■ 

2 

m  m 

•  • 

22 

•  • 

20 

•  • 

4 

448 

1662 

74 

1 

2 

'i 

o 

26 

400 

1663 

18 

o 

78 

1 

2 
3 

22 

2 

452 

1666 

26 

16 

4 

64 

1 

2 
3 

24 

1667 

24 

14 

2 

Sverige  ,  

70 

1 

2 
3 

•  • 

•  • 

24 

596 

1678 

24 

-1 

8 

2 

6 

6 

•  • 

72 

1 

o 

3 

•  a 

•  ■ 

i2 

4 

536 

1C82 

26 

■  • 

a  • 

4 

DrottD.  Hedv.  Eleooora  .... 

90 

1 

2 
3 

630 

1683 

2 

28 

4 

4 

Drottning  Ulrica  

82 

I 

2 
3 
4 

■  • 

• 

^6 

690 

1684 

24 

24 

4 

« 

4 
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SHIPS'  NAMES. 

Gotha  

Pfinss.  Ulrica  Eleonorti  .... 

Puiumcreu  

Carulus  

;nr.   

—        1  — - 

Euig^lieteu  

Prins.  Carl.  Fredrik  

St4)ckhulni  • 

RilvKeus  StiiuUer  

Drottn.  liovisa  Ulrica  

Sodermanlatid   .. 

Drottuiiig^  Sophia  Ma^dalena 

Prins.  Carl  

Lovi^a  Ulrica,  was  an  Earn 
Indiaiuan,  suitic  outside 
the  Wiiitfa   ^ . . 

»  - 

Kong;.  Adolph  Fredrik  and 
Gustaf  3  

Pi;ins.  Fredrik  Adolph  


c 

9 


s 


Weiulit  of  Melal,  nn«l 
Nuni^r  orGaas. 


36  .'^0 


24 


i8il2 


e 


r:tf, 


78 


1 

2 
3 


M  1 


'1\ 


Ifi 


556 


1686 


eo 


I 

2 
3 
4 


2(> 


24 


24 


6 


546 


1690 


5G 


1 

2 

3 


I- 


108 


94 


70 


1 

o 

3 
4 


22 


to 


336 


1G92 


10 


30 


28 


1 
2 
3 
4 

1 

2 
3 


2b 


28 


18 


850 


1695 


795 


1696 


2d 


26 


IB 


532 


1704 


60 


1 

2 
3 


24 


22 


14 


474 


1708 


64 


1 

2 
3 


J4 


24 


16 


492 


1744 


I 


72 


1 

2 

3 


26 


628  1745 


52 


1 

o 

3 


22 


2> 


8 


70 


1 

2 
3 


2^ 


60 


1 

2 
3 


24 


50 


i 

2 
3 


24 

22 


16 


350 


1749 


600 


1758 


12 


500  1758 


3801756 


1 

2 
3 


20 


2h 


16} 


6201755 


62 


1 

2 
3 


24 


26 


1 1 


12 
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SHIPS'  NAMES. 

8hi| 

Ltegtli 
from 

strm  td 
stem- 
po«t 

!«'  Dimrr 

Breadth 
1  moald- 
ed. 
B. 

sionii. 

Draught 
of  wni»'r 
abalt. 

C 

Quan- 
tity, 
m. 

Proper  dimen- 
sions. 

I.ength.  lorradth 

J  o 

1  (\UA 
1  \lif'± 

165,0 

43,5 

Prioss.  Ulrica  Eleonnra 

158 

40 

19 

1074 

0,831 

164,3 

.".  t  n 
43,0 

Pominereii 

ill 

1  7 
1/ 

bio 

145,3 

38,0 

180 

47 

23 

1724 

0,952 

182,6 

47,8 

1/5 

44f 

21 

1604 

i 

0,878 

179,6 

47,0 

Prins.  Carl.  Fredrik.... 

166 

42 

1044 

0,981 

163^3 

42,7 

151 

39 

17 

924 

0,H33 

158,9 

41,6 

154i 

41i 

19 

960 

0,943 

160,2 

41,!) 

Drottn.  Lovisa  Ulrica  . . 

1671 

20 

1248 

0,986 

169,9 

44/, 

Sodertnanland  

142 

38 

19 

604 

0,989 

144,5 

37,8 

Drottnin^  Sophia  M ag- 

171 

44J 

23 

1236 

1,014 

169,5 

44,4 

160 

42 

2Ii 

936 

1,017 

159,3 

41,7 

Lovisa   Ulrica,  was  an 
Ea^it  Jiiiiiainaii,  Riink 
ouUide  the  W'iiiya  .. 

147 

39 

684 

0,!)93 

14R,6 

38,9 

Koo^.  Adolpb  Fredrik 
and  Gustaf  3  

174 

46f 

2U 

1256 

1,123 

170,9 

44,5 

Prios.  Fredrik  Adolph. 

169 

45f 

21 

1116 

1,123 

165,7 

43,4 
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That  ships  of  the  line  have  at  length  arrived  at  their  present 
size  and  perfection,  is  especially  to  he  attributed  to  the  Fiench 

Marine.    Altlloll^h  tin-  Mihject  was  treatvci  on  a  false  theory, 
namely,  that  the  tilect  ui  the  water  an  the  bhtp  s  how,  !;»  as  the 
aijuare  of  the  sii^^  of  die  angle  of  incidence,  without  regaiti  tp 
the  effect  of  the  water  on  the  after  part  of  the  shili  i  fUtff.  haa 
doindiieed  in  the  following  manner  to  an  increase  in  the  aiw  of 
ahips,  and  to  the  good  qualities  thev  now  pomess  in  comparison 
with  lonin  r  ^liips.     1.  To  render  tht  iii  i;(»u<l  sailers,  their  hows 
were  made  sharper  ilian  tiiey  eutimionly  were.    2.  It  was  llieii 
nacessarjr  to  give  theni  a  pzoportioi^I  fineness  abaft  in  ralaiwii 
tsfjhs  b&at^fio  _that  the  centre  of  gravity  of  the  displacenjiq^t 
n^j^bt^^ffttiJ^d  a  lfj;tl^  before  the  tniddle  of  the  shi^'^length. 
3,.  As  the  sharpness  at  both  ends  necessarily  would  diininisli  j 
the  displat  t  lilt  nt,  and  as  the  ai  niament  reiriaiiitcl  the  same,  the 
displacement  must  also  be  tlie  ^anie,  so  thfit  it  was  necessary  to  1 
increape  the:  dimensions.    4.  By  thjs  increase  ^the  distance  ber^ 
Iw^lathe;  metapfntre  and  the.  centn&  io^.  gravity  of,,  thsr.^^ 
)^canie  greater,  by  which  the^stability  was  increased  to  oppose 
h^ing ;  and  with  the  same  inclination  was  capable  of  carrying 
a  greater  area  of  sail  in  piopoitiou  tu  the  resistance  of  the 
|v^t^jj_,^d  was  therefore  a  better  sailer. — Under  ^,^1  thes 
alteraitionsy  the  ^  section  of  the  ship  Retained  ite  *similar^ 


I  ^In  this  mainner  by  practice,  snips  have  approximated  gradually 
io. their  proper  jize.:  it  was  not  possible  to  arrive  at  any  theoiy 
sooner,  because  it  is  the  same  with  ships  of  war  as  with  most 
other  mechanical  u^sU  ui:tiO{is  ^  a .  correct  ^h<eoirj[^^^^|{||||j^|p|^ 
^yieny  before  they  are  arrived  nearly  at  perfectiom.^ 
j  jl);^  apj^ars,  %m  ..tb^Si  reasoi4i^,  ^  Uvk^nM 
foT-Ct^U  ib^4ualities_which  jnay '  be  cxpectcld^m'.fl^ 
the  Jirte. 

'■  W  hen  the  (fualitie>  of  shijj'-  arc  taken  into  considertttioiw 
tog^f^l'her  uith  tiie  uiiumeyf  in  which  j^^val.j.vvarfarc  li^,,jyj^ 

thaif  itile,^|i|a^|tiei|  or afaips  |4eteri»|peith^p]{a^ii|terjbf h^m 
ix.  sea ;  and  in  short,  as  the  manner  bf  engaging  is  how  capable 

of  being  determined,  so  by  a  good  aud  vvcll-i^rouiided  tiieory 
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to  determine  these  qualities,  a  certain  case  must  be  supposed, 
in  which  tlie  principal  of  them  arc  brought  into  action,  which 
certainly  happens  when  many  ships  arc  oni^aged.  Let  us 
therefore  suppose  an  engagement  with  two  hostile  fleets. 
-  The  hostile  ships  arc  ranged  in  straight  lines,  parallel  to,  and 
within  gunshot  of,  each  other,  and  in  such  a  direction  with  re- 
spect to  the  wind,  that  they  lie  within  six  points  of  it,  each  suc- 
ceeding ship  sailing  in  the  wake  of  the  ship  ahead,  about  50 
fathoms  apart ;  and  in  a  stiff  top-sail  breeze,  with  the  three  top- 
sails, top -gallant-sails,  fore  topmast  stay-sail,  jib  and  mizen,  they 
must  not  incline  more  than  7  degrees ;  they  nnist  be  capable  of 
using  tlieir  leeward  lower-deck  guns  without  danger  in  a  heavy 
sea,  be  good  sailers,  and  work  well  to  windward,  with  this  condi- 
tion :  that  although  the  ships  maybe  of  different  sizes,  and  carry 
different  weights  of  metal,  yet  that  in  equally  high  winds,  with 
the  same  sails  set,  their  inclination  must  be  nearly  the  same,  (so 
that  their  guns  may  be  worked  with  equal  convenience,)  that 
they  must  be  equally  good  sailers,  and  under  all  circumstances, 
manoeuvre  alike. 

Of  two  hostile  fleets,  which  attack  each  other,  that  fleet 
which  is  composed  of  the  stiffest  and  best-sailing  ships,  is  master 
of  the  attack,  and  can  begin  and  end  it  at  pleasure.  lUit  as 
the  operations  of  many  such  ships  together,  although  of  differ- 
ent sizes,  should  at  once  produce  the  same  effect  as  if  they 
constituted  but  one  machine,  it  is  necessary  that  they  should 
keep  in  company,  and  be  effective  in  proportion  to  their  size. 
As  tliey  must  sail  equally  well,  the  area  of  their  sails  must  be 
proportional  to  the  resistance  they  experience  from  the  water  : 
and  as  all  the  guns  must  be  used  and  worked  alike,  their  inclina- 
tion must  be  nearly  the  same  ;  so  that  the  form  of  the  ships 
below  the  water  will  be  in  some  degree  adapted  to  the  same 
area  of  sails ;  hence  it  is  found,  that  when  a  ship  of  the  line  is 
to  be  constructed,  the  body  of  the  ship  and  the  sails  are  to 
be  considered  as  constituting  the  ship.  The  theory  also  which 
regulates  the  design  of  the  ships  which  act  together  in  a  line  of 
battle,  is  more  dilticult,  than  the  theory  which  regulates  the  de- 
sign of  ships  which  are  not  intended  to  act  in  company. 

Thus  the  qualities  of  ships  of  the  line  are  now  correctly 
determined,  so  that,  with  the  help  of  theory,  their  proper 
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aiace  and  foim  ^  can  be  given  to  them  in  refmoce  to  thm 
qualities. 

Although  all  the  rales  of  art  may  be  attended  to  in  tbe  con- 
struction of  a  ship,  it  may  happen  that  it  mny  not  behave  well, 
for  the  following  reasons :  i.  If  the  sails  are  badly  cut  and 
made^  so  that  the  wind  is  prevented  from  producing  its  full 
eflfect  on  them,  by  which  not  only  is  the  sailing  close-hauled 
ii^iired,  but  also  the  facility  of  coming  about  is  diminW^ed. 
2.  Also  in  the  behaviour  of  a  ship  in  manoeuvring  under  aailc 
for  if  all  the  sails  are  not  set  advantageously  in  respect  to  the 
direction  of  tbe  wind  and  the  ship's  course,  it  will  lose  both  in 
weatherinig  and  m  velocity,  as  well  as  in  quickness  in  tacking, 
Andp  .3.  Attention  must  also  be  paid  to  the  trim  of  thi^  ship»  and 
to  the  a<]yu8tment  of  the  posidon  of  the  masts  and  yaidfi  wbliph 
have  a  great  effect  on  a  ship's  qualities.  Such  are  the  reasons, 
that  it  so  frequently  happens,  that  a  ship  may  in  one  voyage 
possess  very  bad,  and  in  another,  very  good  qualities,  or  at  one 
time  be  a  very  bad  sailer,  and  at  another  a  very  good  sailer. 

From  this  it  may  be  inferred,  that  although  a  ship's  fiotm  i* 
such  that  it  possesses  the  bnt  qualities,  they  eon  n^nrar  be 
brought  into  action,  until  it  is  properly  rigged  and  worked,  by 
a  commander  skilful  In  seamanship  and  tactics,  as,  besides  what 
is  here  mentioned,  other  circumstances  which  n^y  prevent  4 
ship's  good  sailing  must  be  attentively  considered* 

It  must  not  be  concluded,  from  what  is  here  said,  tbaf  t|if}re 
is  any  deficiency  in  such  knowledge  as  is  necessary  in  rigging 
and  manoeuvring  a  ship  properly ;  on  the  contrary,  the  ships 
of  war  of  the  Royal  Navy  have  officers  of  every  rank  who  may 
be  compared  in  their  knowledge  of  the  science  with  the  best 
officers  which  any  maritime  power  possesses }  but  it  is  not  so 
common  as  in  those  nations  which  have  large  colonies  in  all 
parts  of  the  world,  which  always  afford  opportunities  of  im- 
provement by  experience,  which  Sweden  does  not  possess ;  but 
it  is  for  the  younger  and  less  experienced  of  this  class  that 
these  hints  are  given.  ^«  ; 

The  reason  that  ships  of  the  line  were  generally  to  mttdi 

■  On  this  subject  see  "Grunder  till  Kiianedom  af  lioie  sicepp;**  printed  Iftt 

StocliTioIra,  in  1796;  whicli,  togetlifr  witJi  a  little  treritise  " Ob  tho  AlSa  of  th^ 

MiU  of  Sliipi  of  th«  jyae,"  sltOulU  Rccompimjr  tlu«  work*         ,   > .  \  .  ifi  ti^  . 
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improved  in  size  and  in  the  number  of  their  guns,  in  little  more 
tlian  half  a  century,  is  this:  ships  of  50  guns  were  first  con- 
sidered to  be  too  small,  and  then  those  of  60  guns.  Ships  of 
60  guns  may  be  as  complete,  as  to  their  class,  as  ships  of  70 
guns ;  but  it  is  also  equally  certain,  that  the  larger  ship  with 
the  heavier  armament  produces  a  greater  effect  than  the  smaller 
ship  with  less  weight  of  metal. 

The  reason  that  ships  of  60  or  64  guns  are  now  considered 
to  be  too  small  to  use  in  a  line  of  battle  is,  that  when  two 
nations  carry  on  a  war  with  ships  of  60  guns,  one  of  the  nations 
in  order  to  obtain  the  advantage  in  the  next  war,  builds  ships 
of  70  guns  of  heavier  metal ;  and  when  the  other  nation  finds 
itself  too  weak,  it  also  provides  for  the  next  war  ships  of  70  or 
74  guns,  to  compose  the  main  body  of  the  fleet  in  battle  :  and  the 
increase  has  now  probably  stopped.  The  forests  cannot  produce 
a  sufficient  quantity  of  large  timber  for  greater  ships  ;  it  may,  on 
the  contrary,  happen,  that  sometime  hence,  it  may  be  necessary 
to  return  to  smaller  ships ;  but  that  ships  will  continue  to  be 
built  as  long  as  possible  of  their  present  magnitude,  may  be 
inferred  from  what  follows. 

In  the  first  place  the  following  (juestion  must  be  considered : 
Is  the  effect  of  cannon  shot  greater  or  less  than  in  the  proportion 
of  their  weight  ?  The  hole  or  fracture  which  a  shot  makes  in 
a  ship's  side  or  any  wood-work,  is  as  the  area  of  its  section  ; 
thus  a  shot  of  double  the  weight  of  another  makes  a  hole  60 
per  cent,  greater  than  the  other ;  and  as  the  force  which  propels 
them  is  in  proportion  to  their  weight,  the  depth  they  enter  into 
the  ship's  side  is  in  proportion  to  their  diameter;  consequently 
the  effect  of  a  shot  is  as  its  weight.  And  when  the  smaller 
shot  pass  through  a  ship's  side,  they  cause  a  small  splintering ; 
whereas  when  the  larger  shot  pass  through,  they  cause  a  great 
splintering,  especially  when  they  strike  the  waterways  or  knees; 
thus  it  may  at  all  events  be  admitted  that  the  effect  of  cannon 
shot  is  as  their  weight. 

This  objection  may  be  brought  against  the  use  of  heavy 
metal,  that  what  is  gained  by  the  effect  of  larger  shot,  is  lost  in 
the  number ;  but  this  objection  is  removed  by  the  use  of  tra- 
verse carriages.    Sec  "Kiinnedom  af  linic  skepp,'*  and  the  note 

to  §  4.  ... 

•  K  2 
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The  object  of  this  examination  is>  to  be  able  to  make  a  com- 
panion between  the  effect  of  the  guna  and  Uie  whole  expense  of 
the  ship,  also  between  the  same  effect  of  the  guns  and  the 
number  of  the  crew,  which  two  articles,  namely,  the  ship  with 
its  armament,  and  the  crew  with  their  provisions,  constitute  the 
total  expense  of  a  naval  war.  It  was  said,  that  ships  will  con- 
tinue to  be  bttilti  as  long  as  possible,  of  tlieir  present  magnitude  : 
the  meaning  was  this,  that  a  greater  effect  is  produced  by 
lari^e  ships  in  proportion  to  their  expense,  than  by  smaller 
ships,  the  proof  of  which  will  be  given.  '      ■  .  " 

In  the  same  treatise  will  be  found  the  number  of  efuns  and 
the  weight  of  metal  for  each  ship ;  and  when  the  number  of 
guiis  is  multiplied  by  the  weight  of  shot  for  each  ship  separately^ 
the  product  tor  a  ship  of  66  guns  is  1 752,  for  a  ship  of  74  guns 
1920,  for  a  ship  of  80  guns  2244,  for  a  ship 'of  94  guns  2796, 
and  for  ;i  bhij>  of  1 10  guns  3528,  which  numbers  will  express 
the  effect  of  the  guns. 

The  complements  of  the  crews  of  these  ships  we  606j^(^8» 
706,  848,  and  1000.  .  ^.^i^^ii,^? 


Table  showing  the  differmt  ifeiylUs  in  Cubic  Fed  qf  Water , 

{See  ik§  tame  ffhrk,) 


Namber  of  Guns. 

66 

7i 

86 

94 

116 

Guns  with  all  conuected  with  theiD.l 

.  Table  No.  4./ 

11^2 

13042 

15129 

18758 

23549 

8762 

9627 

11146 

14193 

18179 

HttU,  riffging,  &c  TaUo  No.  11. 

S1588 

55848 

61910 

73255 

86256 

Total 

72232 

78317 

fe8ia5  106206 

1  1 

127963 

j 

As  it  has  been  foiim],  tli:^  these  numbers  are  very  nearly  pro- 
portional to  the  expense  of  the  ships  with  tlieir  furniture  and 
armament  complete,  respectively,  they  are  here  admitted  aa 
pfoportkmal  to  the  expense  of  the  ships.  To  make  the  re* 
quired  comparison  clear,  it  may  be  best  to  adopt  the  following 
method :  1.  All  the  numbers  which  express  the  effect  of  the 
guns  are  divided  by  1752,  and  multiplied  by  1000 ;  2.  All  the 
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*  mtniben  wliich  exprew  the  omnplements  of  the  m  di- 

vided by  606,  and  multiplied  by  1000  ;  '3.  Al)  the  imnibers  which 
express  the  expense  of  the  sliijjs  are  rlivided  by  72232,  and 
mukiphed  by  1000.  In  this  manner  the  foUowiiig  table  ia  oIn 
tained^  which  ahowar  the  ODmpBrtson  between  the  thipa* 


Number  of  Guns, 

66 

74 

80 

91 

110 

Comparative  eflRect  of  the  armamento 

1000 

1096 

1281 

1596 

2014 

Comj>aratAre  ouiubert  of  the  crews 

1000 

1086 

1165 

1399 

1650 

1   Gmmparativa  expense  of  the  thipt 

1000 

108; 

• 

1281 

1470 

177S 

This  table  is  to  be  understood  thus  :  ii  the  effect  of  the  ^ns 
of  a  ship  of  66  guns  is  to  the  expense  of  the  same  ship  as 
1000  :  1000,  the  effect  of  the  guna  of  a  ship  of  1 10  guns  to  ita 
tzpeoae  is  aa  2014  to  1772,  or  aa  1000  :  860;  and  if  the 
effect  of  the  guna 'of  a  ship  of  66  guna  ia  to  the  expense  of 
crew  as  1000  I  1000,  the  eflfiect  of  the  guns  of  a  ship  of  110 
^uns  is  to  the  expense  of  its  crew  as  2014  '.  1650,  or  as  1000  I  • 
81i^  >  and  so  on. 

'  Hence  it  appears,  tliat  the  effect  of  the  guns,  in  relation  both 
to  'the  expense  of  a  abip  and  to  the  numher  of  the  crfew,'  ia 
greater  in  large  thsn  in  small  ships:  and  that  tfaerelbre  it  ia 

the  greatest  economy  to  have  laige  iihips  and  heavy  metal ; 
which  was  to  be  shown. 

This  also  answers  very  well  for  Swedish  ships  of  war,  whose 
crews  consist  generally  of  hardy  and  strong  men,  which  nay  be 
infmed  from  this*  circnmstance  |  that  in  the  last  Russian  war, 
the  men' at  the  guns  in  some  of  tlie- ships  did  not  give  them- 
selves time  to  use  the  tackles,  but  put  their  breasts  to  the  36- 
poonders  and  carriages,  w  heti  it  was  necessary  to  run  them  in 
or  out,  and  one  man  at  tlie  foremost  axle  trained  tiie  gun  to 
the  middle  of  the  port. 

On  a  eonsideration  of  all  that  baa  been  said  in  this  iatrodnc- 
tion,  it  appears  that  it  is  now  high  time  that  theory  should  he 
brout;iit  to  the  aid  of  practice,  in  order  that  the  proper  size  and 
form  may  be  given  to  ships  of  the  line. 


Digi[i 


Tte  iWMMttr  in  whioh  the  auljcct  h  heie  treated  nay  be  lieit 
Qndentood  fioin  the  tfeatiae  itself ;  each  chapter  will  howefer 

be  noticed,  that  a  notion  may  be  foi  rued  of  the  contenU  of  the 
Irealifie,  and  obaervatioQB  will  be  made  where  necessary. 

Chap.  I.  determinaa  the  nature  of  the  armament,  &c.  of 
those  ahiptt  which  are  considered  fit  to  be  placed  in  a  line  of 
jhattlcj  which  aie  called  line^*battle  ships. 
!  Hut  an  the  datses  of  line-of-hattle  ships,  of  which  a  fleet  is 
composed,  are  taken  into  consideration  together,  is  on  this  ac- 
count :  that  as  the  ships  which  should  form  a  line  of  battle, 
although  of  dil£Drent  sizes,  must  act  as  one  machine,  it  follows, 
thfK  in  eertainretpecti  they  must  all  poMCia  the  aame  qnalitaesy 
aa  waa  aaid  above;  hut  as  ships  of  different  uses  cannot  be 
similar,  if  they  possess  the  same  qualities,  the  rules  according 
to  which  the  ships  are  designed  mu|(  be  of  such  a  nature,  that 
tlie  same  rule  will  give  the  same  qinnicies  to  different  ships. 

The  reason  that  two  kinds  of  ships  (74  and  66  gun  ships) 
are  mentioned  aa  forming  the  body  of  the  battle  is  thla»  thai 
one  may  be  choaen>  because  It  Is  not  eowuttent  with  a  good 
disposition  of  foree  to  have  a  fleet  composed  of  many  classes 
of  line-of-battle  ships. 

Tn  the  note  to  section  I.  it  is  said,  that  the  weight  of  the 
shot  is  4  greater  than  the  nominal  weight  of  the  metal  of  the 
guni  but  it  it  nearly  ^  greater*  Swedish  cammn  shot  aw 
heaner  than  those  of  other  nationt  of  the  aame  deaariM 
weight.  , 

From  what  has  been  said  before  in  this  introduction,  it  may 
be  inferred,  that  the  armament  here  proposed  is  not  too  heavy, 
especially  if  the  lower»deck  guns  of  the  three  largest  classea  of 
shtpa  are  placed  on  traverse-carriages,  when  48  and  4l^poiiiid- 
era  can  ha  conveniently  used ;  nor  is  a  48-pottnd  shot  too 
heavy  for  our  men  to  carry  to  the  muzries  of  the  guns.  Car- 
ronades  arc  never  reckoned  in  the  number  of  guns  of  a  line-of- 
battle  ship,  if  there  are  any,  as  they  are  considered  only  aasth-. 
pernumerary. 

The  time  for  which  the  ships  are  provisioned  is  takoi  at  6 
months,  but  for  the  two  largest  classes  at  something  and 
they  hM.  a  little  less  height  of  battery. 

It  is  necessary  to  adapt  the  draught  of  water  of  shipS|  in  some, 
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drgrec,  to  the  depth  of  the  water  where  they  will  nfivi^ate;  hut 
by  means  of  a  lec> board  it  must  be  increaaed  about  i  ofa  foot, 
to  diminish  the  leeway. 

Chap.  II.  On  the  displacement  of  a  ship,  and  ftwh  what  it  is 
ouuuiieQa 

It  is  ol)taiiud,  I.  from  the  total  weight  of  the  armament 
with  every  thing  connected  with  it ;  2.  from  the  weight  of  the 
ballaat,  which  is  in  proportion  to  the  armament  |  3*  from  th« 
provlsUms  and  water  which  are  in  proportion  to  the  mm-' 
ber  of  the  crew  and  the  time  fdr  which  they  are  victualled ;  and  4* 
from  the  weight  of  the  ship  Itself,  with  every  tSiin^  relating  to  it. 

In  the  note  to  section  8,  it  is  said,  that  a  part  of  the  crew 
may  be  lodged  on  the  orlop  deck ;  the  meaning  is,  that  the 
iiek  of  the  crew  should  have  a  berth  there,  fitted  up  with  heda,' 
lietween  the  main  and  foi^hatchways. 

Chap.  IIL  Metiiod  by  which  the  length  and  l»readth  of  a  ship 
should  be  found.  Wherein  it  is  shown,  that  at  first,  only  by  prac- 
tice and  by  approximation,  the  mae^nitude  of  ships  was  deter- 
mined, and  their  length  and  breadth  proportioned  in  a  certain 
relation  to  the  stability  they  must  possess,  to  carry  a  certain  area 
of  sail,  by  which  they  would  sail  equally  well  j  and  afterwards 
general  rales  on  theoretical  principles  are  ghren  fai  this  work,  for 
the  ciesifi^ti  of  the  draughts  of  all  kinds  of  ships  of  the  line. 

The  length  at  first  found  may  he  constant,  hut  not  the 
breadth ;  an  approximation  to  it  may  be  hrst  made  until  the 
am  of  sails  Is  determined,  when  the  true  proportion  of  the 
breadth  Is  fixed  accordingly.  The  conclusion  of  this  chapter  - 
gives  a  description  of  what  is  meant  by  the  construellon-ele- 
ment,  {amne^  by  which  a  ship  must  at  first  be  formed. 

Chap.  IV.  shows  the  manner  of  making  the  construe  tion-ele-  ' 
ment,  so  that  the  direction  of  the  diagonals  which  form  the 
ships'  after- body  may  agree  with  the  relaxation-fine. 

in  respect  to  the  application  of  this  line,  and  on  account  of 
the  fulness  of  ships,  which  decreases  as  they  are  smaller,  and  to 
obtain  a  moderately  full  quarter,  this  construction-element  must 
consist  of  two  parts,  one  above  the  other  \  and  this  method  of ' 
conatmction  requires  two  0  sections* 

Chap.  V.  To  form  the  construction*elenient  for  a  ship  of  1 10 
guna. 
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The  lotiwr  element     generally,  fof  all  llne-of-battle  ships; 
composed  of  three  parts  :  ilie  after  part  is  drawn  iTiecluuiically, 
and  its  superficial  content  calculated,  as  well  as  the  situation  of 
its  ceptre  of  gravity,  from  the  middle  of  the  length  of  lhii|>iWilc 
element;  the  length  of  the  middle  part  is  the  distaniice  MNNHH 
liift  tvo  0  sections, '  which  contains  its  knowA  aresr^r  awlM^ 
leMgth  of  the  fote  part  is  c(jiial  to  the  distance  frdm  ifiwai 
most      st'c  Fiuil  to  the  str:ii,  ;iiid  its  form  is  that  of  a  prif  ubola, 
yet  unknown.    The  eomiuou  centre  of  gravity  oi  tiie  three  parts 
^ll<be  a(t  a  .g^ven  distance  abaft  the  foremost  0  iectilRi;  aigl 
t^p  exponent  of  the  parabola  is  found,  aiid  <.u<lBlji|»iii<l)Ulii 
i|9^  sor' that  the  common  centre  6f  graylty  of  the^ftiirciMliilili 
may  agree  with  its  already  determined  8ituatiorf*'^v.When^i||»- 
up|)er  element,  vviiK  h  is  a  ])arall"h)pipc'uui,  is  added  to  the 
lower,  the  w'lole  element  is  ohtui^y.  whose  solid  content  \^ 
ef^foX  to  thMof  the  ship's  displacei^mt;  bnt  tIie'e|id[(i)eforetlie 
fom||f|t  ^  sectiim  must  be  altered  td  another  :%pM>MM9fNftl 
d^pth'of  which  is  from  the  foremdst  end  of  the  il|||^j<^ifcl^n|Nt» 
the  line  called  the  Kne  of  sections  is  then  IWst  ffbtauMl^  ildiiflll 
determines  all  tlie  aieuh  t>f  the  sections.    Tlie  Tahle  No.  15  is 
then  ^iv(  n,  which  contains  the  expressions  and  cak  ul  itioas  rea> 
lating  to  this  method  of  construction  ;  and  the'CiMf»lc||pp|||f|^ 
clndes  with  obeerrations  on  the  rake  of  the  'steii9|l|«s|t|||Ki|Mllh 
foria  of  the  stem.         -  ^  •    /t-  .ft 

Chap.  VK< To  f>rm  the  load'Water  section.        ^  '»*4*«Mr 
This  seetioM  is  the  most  important  in  the  wlioh-  ( ()n>ti  itetion, 
and  is  the  principal  tlcnu  iit,  not  otdy  in  a  bhip^  l^t  in  all  lioutf* 
ing;  bodies ;  its  form  at  the  extremities  is  not  ^af)^}f9at#fMiNM||^ 
it  must  be  observed,  that  any  alteration  at  tbes0  fmitiMNW^PMn 

altor  the  moment  of  stability,/^  ^'^o?   ^  ^  r/!*.i|lrifl^ 

The  construction  of  the  breadth-lines  then  ft>l|o\ys. 
Chap.  V^ll,  On  tlic  luuii  of  the  ^  secrion.  *   '  "  "^^^ 

In  this  eliupLer  the  difference  between  a  liDe-.ai'-.i*4tli^4»ip 
and  «  merdiant  ship  is  considered ;  and  in  a  x^eu^M06li§Mt^*> 
a. case  is  mentioned,  in  which  the  form  ofjthie  ^.s|ei»tjk#fi4pilMlr> 
inerchsmt  ship' requires  to  be  nearly  the  sania  q;9rt halt*  frf^itiil^^ 
of-bottle  ship.  ,  , 

It  is  known,   iVuin    experience,    that  a  stilf  ship,  whicli 
its  common  centre  of  gravity  of  ship  and  lading. 4K^hiiiV«> 
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the  water-line,  rolls  hardly,  and  the  lower  it  is  situated  the 
more  violent  is  the  rolling ;  whereas  a  ship  which  h:is  its  centre 
of  gravity  in,  or  something  ahove,  the  water-line,  and  is  nearly 
as  stiff,  never  rolls  violently.  Sec  more  on  this  suhject  in  sec- 
tion 10  of  the  Treatise  on  Ship-biiiklinij;,  printed  in  177j%.i 

VVith  the  usual  form  of  0  section,  the  centre  of  gravity  of 
the  hold  is  situated  low,  and  consequently  that  of  the  lading  ; 
and  it  is  found  that  such  a  ship,  laden  with  salt,  rolls  hardly, 
because  its  common  centre  of  gravity  is  below  the  water-line  ; 
if  the  ship,  with  such  a  lading,  had  the  form  of  bottom  recom- 
mended in  this  work,  the  heavy  rolling  would  not  take  place, 
and  the  ship  would  thereby  be  more  easy,  A  ship  of  this  form 
would  also  have  suflicimt  stability  to  sail  with  less  ballast  than 
usual;  consecpiently  all  merchant  ships  should  have  the  same 
form  of  0  section  as  is  here  recommended  for  line-of-battle 

ships*  ,1,4  ,.  ,   r,    »  4>  ^  '\\\^^'^ 

9  Jt  is  shown,  as  well  by  calculation  as  by  construction,  that 
the  distance  between  the  centre  of  gravity  and  the  metacentre 
is  greater  with  the  form  of  0  section  here  recommended,  than 
with  that  hitherto  connnon,  and  consecpiently  the  ship  has  the 
greater  stability  to  oppose  heeling;  and  this  leads  to  the 
formation  of  three  laws  for  all  floating  bodies.  It  has  also  been 
deduced,  from  a  conipariNon  between  ships  wliich  have  been 
built,  that  those  constructed  according  to  the  principle  here  re- 
commended, are  stilTer  than  those  which  have  the  common 
form  of  0  section,  in  conclusion,*  the  manner  of  construct- 
ing the  0  section  according  to  this  principle  is  shown :  though 
this  method  of  construction  may  not  be  exactly  followed,  the 
form  must  be  such  as  very  nearly  to  agree  with  this  principle. 

Chap.  VIIl.  To  construct  the  sections  before  and  abaft  the  0 
section.  > 

This  chapter  explains  the  method  of  forming  from  the  line 
of  sections  k  another  line  C,  which  is  the  true  line  which  go- 
verns the  form  of  the  sections,  and  assii>ts  in  obtaining  their 
areas.  t?*  *..:        •-    ^  •     ••         .     .      ,i   . 

The  methods  which  are  used  for  this  purpose  are  inserted 


See  more  on  this  subjott  in  Uio  *•  Treatise  on  Ship-building,"  printed  at 
fl|(Ock!iolni  in  1775.  -ct    •  • 
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fai  Ike  upper  peit  of  Table  22  fereach  ihf  p  tepmtely,  tlie  iMi^ 

sections  on  the  left-hand  side,  and  the  fore  sections  on  the 
ri^hfc.  Calcnlations  are  made  from  these  sectioQs^  and  the  re- 
sttUa  are  inserted  in  Table  23, 

The  cnmd  fiMt,  whkh  are  dnmi  below  the  waterpUnes  oil 
all  tlie  dieer  draaghtiy  'and  marked  aie  the  true  liaeaj  and 
the  ticked  Ibwe  are  Che  liMt  of  eectMMK)  marked  k  and  k 
on  the  draughts,  constructed  by  the  relaxation-Unes ;  and 
those  marked  h  and  h  on  the  draughts,  constrncted  bv  the 
parabolie  method.  The  double  circles  on  all  these  dnutgkte 
are  the  ootbrnon  eentres  of  gnMdtjr  of  tbe  ship  and  lac^g,  com* 
pleCely  rigged  and  armed.  The  small  mfie  didea  bebw  tkn 
water-Knes  are  the  centres  of  gravity  of  the  diepiaeameait  y 
and  the  single  circles  above  the  water-lines  are  tlie  metacentres. 

Chap.  IX.  On  a  ship's  upper  works. 

This  chapter  shows  what  determines  the  tumbling  home 
of  the  top  timbers;  also  gives  the  reason  why  ships'  sMob  are 
made  so  thick  by  the  otttside  planking. 

For  the  convenience  of  working  the  ship,  the  quarter-deck, 
forecastle,  and  waist,  are  now  connected,  so  as  to  form  a  fhjs!) 
deck,  with  hatches^  in  midships,  to  admit  of  the  launch  being 
stowed  below  on  the  npper  deck ;  the  spare  gear  is  plaoed 
close  to  these  hatclifs,  by  which  all  obstructioas  to  working  the 
guns  are  removed. 

As  the  object  of  the  head  is  the  security  of  the  bowsprit  and 
the  convenience  of  the  ship's  company^  and  as  all  unnecessary 
weight  should  he  avoided,  it  is  made  as  small  as  possible,  asNi 
consistently  with  this  arrangement,  a  suitable,  but  not  anaibni- 
dant,  quantity  of  ornamental  work  is  given  to  it;  and  as  It 
prevents  the  use  of  the  bow  guns  on  tlie  upper  deck,  it  is  in- 
tended, that  in  all  these  ships,  the  foremost  forecastle  gun  on 
each  side  shall  be  a  light  18-pounder  instead  of  a  I2-poun- 
der,  that  when  occasion  requires  it,  it  may  be  lired  over  all. 
The  way  used  by  the  ship's  company  to  the  head  is  never 
through,  but  always  over,  the  forecastle  berdiing. 

That  the  cat- heads  are  placed  so  far  abaft  the  stem  is  for  this 
rea«»nn  ;  that  the  weight  of  the  anchors  may  not  have  so  great 
an  effect  in  pressing  down  the  bow  as  if  they  ware  Airther  Ibr- 
ward|  the  space  also  before  the  forecastle  ports  Is  greater^  and ' 
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gives  more  riMNDy  to  conduce  to  the  elewiliiiess  of  ^  ship's  eomv 

pany. 

The  same  principle  is  followed  for  the  stem  and  quarter 
gaUeries  as  for  the  head  of  the  ship ;  light,  but  no  soperflnouv 
MMUMilir  jskfhr^^  adapted  to  the  dreamsUmces  of  a  ib^t- 
fa^bodfi^X  -jf      '-^  -  ■  » 

^It  ia  intended,  if  the  94-gun  ship  diall  be  the  prineipal  ship' 
of  a  fleet,  that  the  upper  works  abaft  shall  be  built  as  shown  on 
thft,  jfpMgb^  for  cabins  for  the  captain  and  other  officers  of  the 
sllij^;  but  this  is  intended  only  for  the  principal  ship  of 

of  a  liuge  flee^  otherwise  the  sUpis  lo^be 
works,  by  which  the  appearance  of  the  «htff> 
will  be  m^tm^.  le 

Chap.  X.  To  find  the  resistance  which  a  ship  experiences  in 
moving  through  the  -water. 

The  reststaoQe.of  the  flu^  ships  of  the  line,  and  of  the  double' 
ifigeto  «|Al$(gaiis^  is  calooUted  for  finding  the  areas  of  the^ 
siuls,  anir.4iiifesidto  are  at  the  conclusion  inserted  inTabie^ 
No.  26.  i 
-  Chap.  XI,  On  the  area  of  sails,  which  is  the  force  wliich  pro- 
]icle  a  ihy  ftrnrnri  :  this  force  is.  directly  as  the  resistance  of 
the  wiii^Ml>^piDecaUy  aa  the  weight  of  the  ship  raised  m 

aeertain  poiiPsr*-'''^'' ' - 

It  is  iMse  seen  lidiw  unportant  it  is  to  know  the  height  of  the ' 
centre  of  gravity  of  a  ship  :  the  situations  of  the  centres  of  gra-' 
v^ty  are  .calculated  and  the  results  given.  ' 
Q)AU  the  calculations  for  finding  the  moments  of  the  sails  are' 
insiifffn^i<t|  j#isir>  efect  on  the  inclination  of  a  ship  when' 
dnss  hMiii|iw*b4n  action  with  an  enemy  and  not  in  action.' 
See  Table  No.  30.    In  Table  No,  31  is  inserted  the  necessary 
distance  between  the  centre  of  gravity  of  the  ship  and  the  me- 
tacentre^  in  ordei.  that  the  ship  may  possess  a  proper  moment 
of  ttufrittji  )  jfia  nmimf'^  is  given  of  the  calculations  for  find- 
iag  hoi^lpiii*  Jdie  breeddi  of  a  ship  must  be  increased  or  di-' 
TOioisbsfc'teitypcywis.t^  necessary  distance  between  these  two ' 
centres. 

In  all  the  calculations,/^  ^^^or  is  taken  to  the  outside  of  tlie 
timbers,  which  properly  should  have  been  taken  to  the  cmtside  of ' 
aalarier.plenk,  by  which  the  height  of  the  metacentre  of  a  74< ' 
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gun  ship  would  be  increased  about  f  of  a  foot ;  aod  as  this  iiif* 
crease  of  height  is  in  proportion  to  the  magnitude  of  the  ship,  it 

must  not  be  considered  as  an  error,  as  all  the  ships  are  in  the 
same  proportion  a  little  stift'er  than  is  shown  iu  the  calculations* 
Chap.  XIL  On  the  lengths  of  the  masts  and  yards,  which  aire 
calculated  for  all  the  ships^  and  inserted  in  Table  No*  32,  and' 
on  other  thii^  which  ought  to  be  considered  in  comtexibn  with 
the  rigging. 

Chap.  X 11 1.  To  construct  the  drawings  of  a  ship,  without  re- 
gard to  the  relaxation-lines. 

When  the  displacement,  tlie  length  of  the  upper  water-line, 
and  the  breadth  of  the  0  section,  and  its  depth  from  tlie  upper 
water-line  to  the  keel,  are  determined  for  a  ship,  with  the  situa- 
tion intended  for  the  centre  of  gravity  of  the  displaceiiK  iit  in 
respect  to  the  lengtli  of  the  upper  water-lilie ;  a  very  easy  and 
certain  method  is  given,  which  determines,  1,  the  area  of  tlie 
®  section;  2.  the  area  of  each  section  separately,  both  before 
and  abaft  ,  the  ^  section,  at  such  stations  as  are  considered 
best  5  3.  the  situation  of  the  0  section,  so  that  it  may  give  the 
required  displacement,  and  that  iU  centre  of  gravitv  mav  be 
exactly  in  its  proper  situation.  And  as  the  parabola  forms  the 
principle  of  this  method,  it  is  called  the.  jioradolitf.  mefAotf 
€f  eongiructiim :  not  because  this  curve  gives  a  skip  certain 
qualities,  but  because  it  affords  a  facility  in  ob^ning  in  a  mote 
easy  manner  what  is  required.  ;  * 

To  show  which  method  is  the  better,  whether  the  former, 
which  depends  on  the  relaxation -lines,  or  the  latter,  the  T>tmfr 
ship  is  constructed  by  the  latter  method  which  had  been  con- 
structed by  the  former  method ;  and  all  tlie  caleolations  rehit* 
ing  to  it  are  inserted  in  Table  No.  33 ;  and  in  Table  No.  34 
the  calculations  of  all  the  sections  of  the  five  line-of-battle 
ships  are  given,  according  to  \vhich  the  drawings  are  made. 

At  the  end  of  section  44,  the  exponent  n  for  74-gun  sbipa 
=  2,524  is  given,  which  may  be  diminished  to  2,5 ;  and  in  the 
same  proportion  for  other  ships :  tliis  requues  some  expfana- 
tion. 

It  is  not  meant  that  tlie  exjjonent  «  shall  be  diminished  di- 
rectly in  the  same  proportion  for  the  other  ships,  but  that  an- 
other co-eitideut  to  tiie  quantity  i^*^^^  is  afterwards  obtained. 
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which  gives  the  distance  h,  the  abscissa  of  the  line  of  sections; 
when  first  the  new  exponent  n  is  obtained  for  each  ship  in  the 
same  manner  as  before. 

It  is  also  stated  in  what  manner  the  draughts  of  the  various 
kinds  of  ships  which  have  been  built  may  be  examined,  so  as  to 
judge,  by  comparison,  of  their  qualities,  from  which  much  in-" 
formation  may  be  collected  for  the  improvement  of  the  science, 
and  the  refutation  of  many  erroneous  principles  previously  re- 
ceived. '  •' 

In  conclusion,  calculations  are  made  of  the  effect  of  the  wa- 
ter in  opposing  the  course  of  a  74-gun  ship  ;  and  it  is  found 
that  this  effect  is  about  -^^  part  less  by  the  latter  or  parabolic 
method,  than  by  the  former. 

»  As  far  as  regards  the  reasoning  on  this  subject,  it  may  be 
admitted,  that  for  line-of- battle  ships,  the  one  method  may  be 
as  good,  in  respect  to  the  stability  and  good  sailing,  as  the 
other ;  and  as  lately,  while  this  work  has  been  in  hand,  an  ex- 
perimental trial  of  sailing  has  been  made  with  large  and  small 
armed  vessels,  whose  after  bodies  were  constructed  by  the  re- 
laxation-lines, the  results  of  which  did  not  show  that  the  ves- 
sels constructed  by  this  method  are  preferable,  in  regard  to  sta- 
bility and  good  sailing,  to  those  constructed  by  the  parabolic 
method;  and  as  the  former  is  very  difficult,  as  well  as  troublesome 
when  any  alteration  is  required  to  be  made,  and  as  the  latter, 
or  parabolic  method,  is  in  all  respects  very  easy,  the  propriety 
of  the  general  adoption  of  this  method  has  been  confirmed. 
•   Chap.  14.  On  the  figure  called  the  accumulateur. 

The  description  of  this  figure  may  be  found  in  the  same 
treatise.  By  the  use  of  this  figure,  the  manner  in  which  the 
metacentre  ascends,  as  a  ship  by  being  lightened  rises  out  of 
the  water,  may  not  only  be  found,  but  may  be  seen  by  inspec- 
tion ;  it  may  also  be  found  by  calculation,  and  seen  by  inspec- 
tion, when  any  weight  is  taken  out  of  the  hold  or  from  below 
the  lower  deck,  how  the  common  centre  of  gravity  of  the  ship 
and  lading  thereby  rises ;  and  how  the  centre  of  gravity  rises 
the  higher  the  lower  the  weight  lay  in  the  ship,  by  which  the 
distance  between  the  common  centre  of  gravity  and  the  me- 
tacentre is  decreased^  and  in  what  proportion  the  stability  of 
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the  ship  is  thereby  dinuiiished.  This  leads  to  the  constdera* 
4ion  of  a  circumstance  which  must  be  attended  to  iu  ships  of 
war  completely  htted  atid  armed ;  namely^  that  of  those 
liMighto  which  are  wlioUy  expended  during  a-  voyage,  as  many 
as  ponible  ahould  be  placed  at  the  highest  part  of  the  lading  | 
and  that  those  weights,  only  a  part  of  which  is  escpended,.  must 
be  stowed  as  low  circumstances  permit,  in  order  that  at  the 
latter  part  of  a  voyage  the  stability  of  the  ship  may  not  be  so 
much  diminished  as  to  prevent  the  lower- deck  guns  from  being 
lised^  in  case  it-  should  happen  to  come  into  actioa  with  an 
lenemy. 

.  The  same  figure  serves  also  to  find  the  height  of  the  centra 

of  gravity  of  a  sliip,  when  in  a  dock  which  is  emptied  by 
pnmpi»g.  ill  the  demonstration  only  the  result  is  inserted ; 
httt  if  the  figure  be  inclined,  and  from  G  and  F  perpendicular 
Imes  be  drawn,  the  result  which  is  inserted  may  be  obtained  by 
the  siqnilar  triangles. 

Chap.  XV.  and  XVI »  On  frigates. 

It  was  proposed  aho  to  determine  the  proper  size  and  Conn 
for  frigates.  The  same  order  is  followed,  and  the  same  two 
methods  of  construction  are  U8ed|  and  the  parabolic  method 
of  ooustruetion  is  adopted  for  the  same  reason^  and  on  the  «ama 
principles,  for  frigates  and  smaller  armed  ships,  as  well  as  for 
aU  other  sorts  of  vessels,  of  every  size,  fulness,  and  every  neces- 
sary qualification,  either  to  sail  or  rowj  as  for  line-of-battl^ 
ships. 

In  Table  No.  40^  frigates  of  44  guns  are  inserted,  with  a  tier 
of  3(KpoundecSy  because  tliese  guns  are  not  heavier  than  the 
common  24-pounders  were  formerly ;  and  in  the  same  table 

the  number  of  months,  M,  is  reckoned  at  i  of  the  time  of 

provii>ioning. 

In  conclusion,  as  an  appendix,  the  proportions,  and  a  general 
drawing  of  cannon  of  tite  usual  calibre  of -Swedish  ^!m,  m 
given,  as  it  will  be  useful,  when  the  drawings  of  ships  are  made, 
to  have  their  dimensions.   There  is  also  a  drawing  of  a  tra- 

veist-cariiage^  similar  to  tluit  wliich  is  to  be  found  iu  the  yir- 
cJuicclura  Navalis  Mercaioria,  but  improved :  it  is  also  ob- 
aerved,  that  the  carriage  is  to  be  made  of  sound  and  strong  oak. 

* 


Digitized  by  Google 


It  mitit  not  be  n^gfected  to  be  mentioned  at  tbe  oonclntton  of 
this  introdaction,  that  if  this  work  should  be  consulted  by  other 

nations,  it  is  necessary  to  know  the  relation  between  the  Swedish 
wtughts  and  measures  and  their  own.  The  following  propor- 
tions give  wlmt  is  neceteary  to  be  known  on  this  subject 


Id  Swedith  feet 


■  A. 


9,14  French 

9,3()  Danish 
9,74  £nglith 
10,46  Datch 
VQfiif  Spanish 
9,46  lUiciiish 

^868  French 
6S2Duiiib 
9S7  Bnglith 
861  putcb 
922  Sptnttll 


10  French 
10  Danish 
lORnglish 
10  Datch 
10  Spanish 
10  Rhenish 


10,9409^ 

10,96^ 
9,5602 

10,570ej 


>«  Swedish  feet. 


1000  Fr«Qcb  «  1152,0 
1000  Danish  »  1173,71 
1000  English  1^  1067^24 
1000  Dutch  -1161,44 
1000  Spanish*  1084,60 


Swcdilhlb. 


It  is  assumed  that  pure  water,  all  over  Europe,  Is  of  the 
same  specific  gravity  :  and  as  it  is  found  that  a  cubic  foot  of 
such  wat^  weighs  61«5  Swedish  pounds^  it  is  easy  to  ilnd  its, 
weight  according  to  the  weighu  and  measMifs  of  other  ill|i^no«>r 
For  example^  if  it  is  required  to  find  Uie  weight  of  a  cubic 
loot,  of  fresh  water  in  Danish  weights  and  mcainres^  ^V"^ 

and  aieMiireSi  —       =;  62|d64  English  pounds ;  and  so  on. 

^  In  this  manner  a  eubic  foot  of  fresh  water  has  been  calcu- 
ItMiMr  «aeh  of  these  nations,  according  to  their  reoped^ite 
weighte  Mid  in^ures^  which  Is  inserted  in  the  following  table, 
Thmfeightof  aenbic  foot  of  salt  water  is  in^med  nnderneath  ; 

the  specific  gravity  of  fresh  water  being  to  tliat  of  salt  as  39 
to  40.  ' 
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Weight  io  lb.  of) 
a  cubic  foot  of> 
fresh  waler  J 

Cubic  ft.  of  salt  water 

0anish. 

Dntcb. 

Spaaub. 

61,500 

G3,o;; 

€9,913 

71,705 

63,9C3 

46,t68 

47,15  4 

47^44 

When  it  is  required  to  iitu],  from  the  known  weight  of  a 

cubic  fool  of  flesh  water  in  any  nation,  Uiu  w  eiglit  of  a  Swedish 
cubic  foot  iu  Swedish  weiglits  and  nieajsures,  it  may  be  ob- 
tained from  the  proportions  above ;  for  example,  iu  Denmark^ 

1173,71.63,898  ...         ,        j     u,  I 

— Jog^g^P*""  "        Swedish  pounds j  and  ui  England, 

1067,24.62^4  ^    _  . 

•As  there  is  an  uncertainty  as  to  the  strict  correctness  of  ttie 
different  accounts  of  the  proportions  between  the  weights  and 

measures  of  Sweden  and  those  of  other  nations,  it  is  necessary, 
for  tlie  trade  and  commerce  between  nations,  tlmt  there  should 
be  an  established  long  measure,  square  measure,  and  weight*  by 
wikichall  nations  may  compare  their  common  weights,  and  mea* 
Mires;  but  as  it  would  not  be  generally  agreed  on,  to  take  as  a 
standard  the  weights  and  measures  of  any  particular  ifation,  it 
is  necessary  that  either  the  length  of  a  pendulum,  which  vibrates 
in  seconds  at  the  equator,  or  the  j^g^^,^,,^  part  of  an  equitorial 
degree  of  longitude,  be  taken  as  a  general  established  long 
pleasure,  by  which  the  common  long  measures-  of  all  nations 
should  be  compared.  This  might  be  easily  done  by  the^coa- 
eurrence  of  the  academies  of  Europe  ;  and 'the  nation  which 
instituted  such  measurements  at  the  equator,  must  send  to 
other  nations  an  iron  rod  or  staff,  tlie  length  of  which  is  equal 
to»the  ^vqVvv  part.of  an  equitorial  degree.  The  foUowi^g^ttL* 
plauation  shows  the  manner  in  which  tlie  long  measure  of  each 
nation  may  be  correctly  compared  with  tlie  standard  meas^fe* 
According  to  the  account  of  Professor  Celcius,  (see  the  Trans* 
actions  of  the  Royal  Society  of  Sciences  for  1/41,  the  last  quar- 
ter,) a  degree  of  longitude  at  the  equator  =  62G72  Swedish 
fathoms  =  3/6032  feeu   Take  the  -nnnnrv       of  it  as  a  con- 
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stant  lone;  measure ;  then  this  staiulard  long  measure  in  Sweden 
=  3,7(j  8we<lisii  feet, 

in  obtatning  a.  standard  weight  for  all  nations^  it  moat  be 
expressed  in  their  common  weights.  For  example^  in  Sweden 
tlie  cube  of  3,76  a  53,157,  is  equal  to  the  standard  solid  mea- 
sure; the  weight  of  such  a  measure  of  fresh  water  weii^hs 
3269,16  pounds,  which  is  the-  standard  weight  in  Swedish 
pounds.  When  this  weight  is  divided  hy  the  standard  solid 
measure,  the  weight  of  a  cubic  foot  of  fiesh  water  in  Sweden  is 

obtained,  which  is  61*^  pounds. 

When  they  are  found  in  the  same  manner  in  other  nations,  and 
the  results  are  communicated,  a  general  table  may  be  drawn  up, 
which  will  show  the  true  proportion  of  the  weights  and  mea- 
sures of  each  nation  with  the  equitorial  weight  and  nieasore. 
The  weights  and  metfsuiea  must  be  expressed  in  whole  numbers 
and  decimals.  This  is  all  which  is  necessary  for  the  academies 
of  science  to  direct  to  be  done. 

It  must  also  be  observed,  that  if  it  be  required  to  express  the 
exponential  expressions  given  in  this  work,  in  the  measures  of 
oUier  nations,  the  exponents  will  remain  the  same,  but  the  co- 
efficients will  be  altered.  In  the  operation,  the  logarithm  of 
the  denominator  is  multiplied  by  the  exponent,  and  the  product 
subtracted  from  the  logarithm  of  tiie  numerator,  if  the  latter  he 
greater,  in  which  case  the  co-elhcient  is  a  multiplier ;  but  if  the 
product  be  the  greater,  the  logarithm  of  the  numerator  is  sub- 
UtMStad  from  it,  when  the  oo-efficient  is  a  diriaor.  See  §  10* 


CkmtenU  of  the  Faragrf^hB. 

1*  Number  and  weight  of  metal  of  the  guns  for  each  class  of 
ship  of  which  a  fleet  is  composed, 

2.  Time  for  which  a  fleet  is  usually  provisioned. 

3.  Height  of  battery  above  the  water. 

4.  Draught  of  water. 

5.  Weight  of  aruiameut,  with  every  thing  relating  to  the 
,  furniture  and  ammunition, 

6.  €Salcttladon  of  the  ballast, 

7.  To  find  the  number  of  the  crew, 

VOL.  III.  L 
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'  8,  Calculation  of  the  provisions,  water,  and  wood. 
9.  To  find  from  these  calculations  the  displacement. 
10«  To  find^  from      displacatnmiti  Ite  Urogth  and  bwadth 
.  of  ft  ship  of  tho  line. 

11.  On  the  construction- element  [afnne)  of  a  ship's  body* 

12.  On  the  relaxation- Unea^  and  their  application  to  the 
alter  pfurt  of  a  ship. 

13*  On  the  situation^  areai  &c.  of  tke  $  leetioiiw 
14*  On  the  liae  of  teottoiit  and  its  conatmetioik 

15.  On  the  completion  and  caleolatioitt  of  the  constraction- 
element,  which  is  the  foundation  for  the  other  elements  of  all 
ships,  '  - 

16.  On  the  stem  and  atanipoat* 

17«  Tlia  rtaaon  that  tlie  upper  vrater^llne  maM  be  th*  basis  <tf 
a  ehip't  construction. 

IS*  To  construct  the  upper  water-line  before  the  foreoMAt  0 
section. 

19.  To  construct  the  upper  water-line  abaft  the  foremost  ^ 
section. 

20.  To  form  the  plan  of  the  half»breadth  Hues. 

2  L  On  the  circiuDistancee  tvhich  mutt  be  coneldered  iti  tlie 

formation  of  the  0  section. 

22.  Comparison  between  different  forms  of  ^  sections,  aini 
proof  of  which  is  the  proper  form. 
'   23*  To  form  the  0  section.  -  - 

24.  Calculations  of  the  areas  of  the  sectiomu 

2&.  'Oft  the  difierent  otrcnmstaiiees  tvbieh  mustba  attdmled^ 
in  constructing  the  sections,  also  the  results  of  the  draughts 
made  according  to  the  foregoing  calculations. 

26.  On  the  stations  of  the  frames  and  ports  for  carrying  onrtbe 
bnUding. 

27.  On  the  upper  works  of  a  ship  «id  tb«  tumbfiiig  bona  af 

the  top-timbers, 

28.  On  the  top-timbers  and  the  exterior  planking  of  a  ship  s 
sides. 

29.  How  the  measurements  mutt  be  appli^  hi  fiadmg  the 

relative  and  absolute  resistance* 

30.  To  ftnd  the  resistance  of  the  water  on  a  74*gun  ihipj 

with  the  results  ui  die  rcbisUnce  ou  the  oUicr  ships* 
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31.  How  the  ar€a  of  sails  is  deta:miQed  from  the  retistance 
4lf  a  Mfi  ind  in  •  taiWin  dunnw  fitom  its  diapiaeemcnt,  alao  to 
find  Umm  theliieadih  af  the  lAwer  eAffn  of  1^  tup^nSk. 

mMm4km  4iiitM>rtente  6f  khowllig  the  situatitti  of  thama- 

moa  centre  of  ^nivitA  of  [i  ship. 

33^,  To  iiiid  the  aioment  of  the  power  of  the  sails  ui  an  hi- 
elination  of  7  degra^,  and  thence  the  breadth  of  the  io#tr 

d4«<To  find  iiow  great  the  inclination  oC.a  ifehip  Is  under  Mfili 

both  in  ai^efH  math  hn  enemy  and  not  hi  a^ion* 

iij.  To  £udi  the  alteration  in  tiic  l^rcadth  of  a  shi|>|  thatl  it 

may  possess  a  determined  moment  of  stability.  •  i 

36.  Observations  on  the  foregoing  sections* 
471^1%  irtkANWi  llw  hreadth.of  the  topsails,  the  lengths  af 

>tbaleMMMits^  top-masts^  and  yitrds^  and  the  proportions  af 

all  the  sails. 

38.  Observations  on  the  rigging,  &c.  oi  a  ship. 

39.  ObservatioQs  on  the  formation  of  the  drawings  of  a  ship, 
without  reference  to  the  relaxation-lines. 

40.  On  the  advantage  of  the  parabolic  method  of  construction, 
Ali,  W»4am  hy  jneans  of  this  method  of  constrnction  an 

element,  the  voHdity  of  vviiieli  is  ctpial  to  that  of  the  displace- 
ment of  a  siiip^  and  with,  the  same  determined  aiea  of  each 
section.  *  *  ■ 

^  Jiiig^  liiNi  ■tlaethe  jdtnation  of  the  ^  seeUdn^  so  Ibatthe 
itfltftof  gravit]^>nf  Jtbedisplacenent  may  be  at  a  given  poiat^ 

*  43/^€hAMllitkn#r%«ihi«4i  f$er^  as  a  foflfidation  for  forming  the 
{'onstriictiofi  clement,  ajifl  to  find  tlic  on! inate-^  of  the  !feetio»i- 
line  and  true  line,  also  a  general  rule  to  hnd  the  distance  be- 
tween the  common  centre  of  gravity  and  die  metacentre^  to 
obtain  thence  a  pfofpsr  motnent  of  stability. 

44.  On  the  caMatttins  of  the  areas  of  all  the  sectbts,  trith 
the  results  of  the  drawings  made  according  to  the  foregoing 
.calculations. 

45.  On  the  object  of  this  method  of  constructionj  and  w^y 
the  iiae  of  sections  should  be  a  parabola. 

40Si  Reasons  for  the  adoption  of  the  parabolic  method  of 
.opostinetioiK 

47«  Dcsci:ipUon  of  what  is  called  the  accumulaieur  j  al:^o 

l2 
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how  much  a  ship  loses  in  stability  by  the  consumption  of  the 
greater  part  of  the  ammunition  and  provisions;  and  where  the 
weights  ia  a  ship  should  be  placed,  whieh  are  coDSumed  in  a 
voyage,  so  that  it  may  thereby  lose  as  lilde  as  powUe  in 
stability* 

48  and  49*  A  practical  method  of  finding  the  aitnatMNl  of 
Uje  centre  of  gravity  of  a  ship,  when  in  dock. 

50.  On  frigates  and  their  object,  also  their  coustruction  by 
the  relaxation-iines*  . 

51.  To  construct  frigates  by  the  parabolic  mediod. 

52*  Confirmation  of  the  adoption  of  the  parabolic  method  of 
construction. 

53.  A  table,  in  which  is  inserted  every  thing  relating  to  the 
formation  of  the  drawings  of  a  considerable  number  of  frigates 
and  smaller  armed  vessels,  according  to  the  kst-mentaoned 
method  of  construction;  also,  m  conclusion,  some  neeessary 
obsenrations  on  the  subject. 


Chap.  I. — Def ermines  the  nut i' re  of  the  armament^  of 
those  Ships  ivhich  are  comidtrtd  fit  to  be  placed  Ul  Hue  of 
dottle,  which  are  called  Um-of-battle  Ships, 

r 

A  line-of-battle  ship  being  estimated  by  its  eifect,  and  this 
effect  being  produced  by  the  number  of  the  guns  and  the  weight 
of  the  shot,  these  are  the  first  principles  in  the  construction  of  a 
ship  s  the  following  particulars  must  therefore  be  determined: 

1.  The  number  of  guns  and  weight  of  metal  of  each  cksa  of 
ship  of  which  a  fleet  is  composed. 

2.  The  ustKil  time  for  which  a  fleet  must  be  provisioned. 

3.  The  height  of  the  battery  above  the  water* 

4.  The  draught  of  water  of  a  ship. 

1,  Suppose  a  fleet  of  ships  of  war  to  be  composed  of  three 
divisions.  Let  the  commander  of  the  fleet  have  one  ship  of  110 
guns ;  the  second  in  command  an  80-g\m  ship ;  each  chief  of 
the  two  other  divisions  one  94-gun  ship,  with  a  leading  ship  of 
80  guns;  and  let  the  remaining  ships  of  the  fleet  which  com- 
pose the  msan  body  in  an  action^  be  74  or  60  gun  ships.  There 
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are  thus  five  classes  of  ships  in  the  fleet :  namely^  1  lO,  94,  60^ 
74,  and  66-giin  ships* 

As  it  is  shown  in  the  Introduetionj  that  the  effect  of  the  giuns 
kc  airiilMl^%eiglrt^6r  the  shot  or  weight  of  metal,  it  willH)e 

assumed,  that  the  heaviej^t  i<uns  with  w  hicli  the  fleet  is  armed 
are  -IS-poiinflois,  and  the  lii^htcst,  12-pouiiders  ;  that  the  dilier- 
encci between  each  i^'iwi  of  gun  and  that  next  ahovc  or  beiow  it, 
ir>€4fdMiil^  and  that  to  avoid  aU  confusion  with  the  shot  and 
csftBdijCR  iviaction^  there  must  be  a  sufficiently  evident  differ'^ 
enoatetweeitAeweigbt  of  metal  on  «he  diffierent  decks,  which 
difference  of  weight  may  be  taken  at  12  pounds. 

On  the^,e  nr  cmibes  the  aiiiiament  of  the  five  classes  of  ships  of 
the  linfiisrdeteiminedin  the  following  table. 

TABUi  No.  1. 


110 


94 


No. 


2kd  deck  .•••..«».. 

QuartKMlsek  sad  forecastle 
^  ,  Total*. 


30 

30 
18 


No 


48 

24 
12 


110 


32 
32 


42 
30 
18 


80 


No, 


!>4 


30 
32 

18 

to 


42 
24 

12 


74 


No, 


=  .  I        I  ^ 
No. 


28  J  36 

30  ,  24 


74 


12 


26 

2S 

12 


it 


24 


12 


66 


That  the  difference  ot  weight  of  metal  between  the  first  and 
second  tiers  of  guns  of  an  80-gun  ship  is  18  pounds,  is  for  this 
reason :  a»  it  is  intended  that  the  efiect  of  an  iiO-gun  ship 
shonM  be  decidedly  greater  than  that  of  a  74*gun  ship,  the 

difference  in  their  effect  would  be  too  little,  if  all  the  guns  were 
of  the  same  weight  of  metal  as  tliose  of  a74-gun$hipj  to 


•  'fTse  weight  of  metal  of  a  ^un  generally  inenns  llio  woi;^h{  of  the  shot ;  htit 
ia  Sweden  it  is  oihemiso,  as  the  true  weight  of  the  shot  in  |)Ounilfl  in  inore  liiaX| 
\  grs^r  than  the  notti&ftl  wsigli^  of  tsotid.  '  . 
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rpudev  them  inprc  nwly  a  mdiuin  between  siuiis  of  94  and** 
74  gusOf  42-poundm  are  given  as  their  anniime«|  #f  llM  kwar . 
Ma. 

2.  In  oHtr  lo  be  able  to  determine  the  length  of  time  for 

which  a  fleet  sIiouUl  be  provisioned,  the  situation  of  the  seat  of 
war  must  be  considered,  which  is  generally  the  Baltic  and 
North  sea,  or  not  far  distant  from  them ;  so  that  if  it  ia  pro« 
viakuied  foe  6  months  it  ii  auffioient.  But  aa  Hirtaidaektd 
shipa^  in  coneeqnence  of  their  height  above  wnler  anft  Aeir 
heavy  armament^  have  their  centre  of  gravity  higher  than  t«n»» 
decked  ships,  their  proportions  and  form  must  be  such,  that 
their  metaL  eiUres  may  be  at  such  a  height  above  their  centres 
of  gravity^  that  with  a  determined  acea  of  sails,  they  wnsj^  nat* 
incline  in  a  line  of  battle  more  than  two-decked  ships ;  and  aa 
the  length  and  especially  the  b|;eadth,  together  with  greater  or 
less  fulness  of  body,  determine  the  height  of  the  metacentre ; 
and  as  a  ship  of  very  great  dimensions,  is  not  nnlv  more  expen- 
sive, but  from  its  length  more  likely  to  be  broken,  it  is  neces- 
sary^ in  order  that  their  qualities  mfiy  be  the  same  as  those  of 
two-decked  Mps,  to  diminish  their  magnitude :  so  that  94-gun 
ships  may  carry  provisions  for  one  fourth  of  a  month,  and  1 10* 
gun  ships  for  half  a  month,  le  than  two-decked  fehlps.  This 
dieficiency  in  the  6  months'  ])!  o^  i^ions  ii^  citlier  divided  and  put 
on  board  some  of  the  two-decked  ships  of  the  fleet,  or  is  put  on 
board  a  transport  which  must  accompany  the  fleet  at  the  W- 
^nning  of  a  voyage* 

3.  llie  height  of  the  battery  is  next  to  be  considered,  or  the 
height  which  the  ports  of  the  lower  deck  must  be  above  the 
water.  This  heia:ht  may  be  determine d,  so  that  when  the  ship 
inclines  7  degrees,  the  lower  edge  of  the  midship  port  of  the 
lower  deofc  may  be  about  3^  feet  above  the  water^  mtaeooonl 
of  the  daslung  and  rising  of  the  waves^  which  height  has  been 
found  quite  sufficient  for  the  safety  of  the  ship ;  but  for  the 
same  reason  that  three-decked  ships  are  not  provisioned  for  so 
long  a  time  as  two-decked  ships,  they  will  not  have  so  great  a 
height  of  battery. 

4.  Concerning  the  draught  of  water  it  is  to  be  observed ;  that 
as  ships  must  pass  th^  Grounidsy''-— at  least  twonlecked  shf|is 
should  be  able  to  pass  them,  it  is  necessary  that  their  draught 
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of  water  on  an  even  keel  should  not  exceed  22  or  22 J  feet ; 
but  three-deckcd  ships,  as  well  in  relation  to  their  displacement 
as  to  preserve  a  similarity  to  two-decked  ships,  also  on  account 
of  their  greater  upper  works,  which  occasion  lee- way,  mus 
necessarily  be  deeper ;  consequently  they  must  be  lightened  in  a 
suitable  manner  when  they  pass  through  them. 


CJhap.  II. — On  the  Displacement  of  a  Ship,  and  from  ivhat  it 

is  obtained, 

^  5.  Thb  displacement  of  a  ship  is  determined;  1,  from  the 
weight  of  the  guns  with  their  furniture,  ammunition,  and  every 
thing  relating  to  the  armament;  2,  from  the  weight  of  bal- 
last ;  3,  from  the  weight  of  the  crew  with  the  provisions, 
water,  Sec,  for  their  subsistence ;  and  4,  from  the  weight  of  Uie 
ship  itself,  with  the  masts  and  yards,  rigging,  anchors,  cables, 
fittings,  &:c. 

As  the  first  article  is  the  foundation  for  the  calculation  of  all 
the  other  weights,  not  only  the  weights  of  all  kinds  of  cannon, 
but  of  all  their  furniture  and  ammunition,  required  for  a  com- 
plete artillery,  are  inserted  in  the  following  table  :  the  total 
weight  being  given  for  one  gun  of  each  kind. 
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CakM^umSj  aeeiire^  to  the  foregoing  TaMe^  for  eaek  Shif^ 

of  each  article  separately,  in  cubic  feet  of  Water, 


i 

i  ■ 

* 

"I 

Weight 

Kiunbcr 

Ouif. 

r«r- 

• 

Furni- 
tare. 

All  tluJ 
»bot. 

Powder 

in.  eohlc 

3fi 
24 

30 
32 
30 
18 

»  ; 

.•Vr  - 

4844 

3yoi* 

2475 
759 

R00,5 

70H,(; 

511,4 

181,0 
106,(> 
125,7 
G0,0 

250f;,7 
2003,3 
1241>,5 
373,7 

618,l! 
500,3 
317,1 
102,1 

152,4 
142,2 
114,3 
45,7 

22863 

r 

'2-2 1  <i  a 

iil33  2 

t«/«/J  ,1/ 

454 

♦ 

1  ■ 

itTf  i>'t 
30 

t  • 

4'''')7 

:^'.'77 

iJ57 

7*^4  "',1 
(;3»,4; 
453,0 

1(>'J  5 
153,9 
122,y 

'I'M  0 

yyy.i; 

513,3 

4iy,o! 

258,5 

142,9 
132,1 
101,6 

18212 

446.3 

1220,6| 

376,6 

r  f 

80 

42 
24 
12 

30 
32 
18 

•1257 

2(;-io 

751i 

734,  J 
545,5 
196,4 

1(J9,5 
13  V,! 
(iO,(i 

21!H,0 

543,3 
338,3 
102,1 

\ 

142,9 

'  121, y 
45,7 

•  ■           ■  • 

14688 

147()  ^ 

3^)4,2 

3897^ 

1 

9d3,7|  310,5 

Q^i  l  * 

^  *  • 

24 

— - 

3G 
21 

28 
30 

SI,  . 

3422 

247:> 
675 

6!?0,0 
51 1,4 
174,5 

145,8 
125,7 
53,b 

1752,1> 
12J'i,5 
332,2 

437,3 
317,1 

yo,7 

124,4 
114,3 
40,6 

•  • 
12662 

0572 

1305,9 

325,3 

3334,6 

845,1 

279,3 

26 

28 

t  3  ;  j   r "< 

3177 
2310 

575,7 
477,3 
I30^i^ 

135,4 
1 17,3 
40,4 

H;27,7 

Ji(i(i,-: 

24^^,1 

406,1 

296,0 
68,0 

io<;,7 
30,5 

11536 

5|f»3 

293,1 

3043,0 

770,1 

252,8 

1  M'jI 

1622 

SC8,1 

1 

125,0 
99,9 

I 

1170,0 
700,6 

293,7 
181,S 

p.—  . 

ii2,6 
71,2 

1 

:  7898 

1 

,4234 

880, .-^ 

224,l> 

i 

IS70.<" 

 1 — 

474,* 

■  u:3,« 
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*Fotal  in  cubic  feet  of  Water  tohich  relates  to  the  Armament, 


110 

94 

80 

74 

66 

52 

Guns,  carnagesn  am-l 
munitioi  j 
Gitnner's  storM^  tluvel 

parts  of  them  / 
Total  in  cubic  f«et  of  1 
water-  C»  J 

686 

18812 
187M 

14088 

441 
15128 

11662 
380 
13848 

11586 
346 
tl88S 

7898 
237 
8135 

In  this  table  a  ship  of  52  gun*  ia  inserted;  all  the  guns  be- 
iag  plaeed  on  two  decks^  having  none  on  the  quarter-deck  or 
fi^recastle,  it  i$  caHed  a  double  frigate*  This  ship  must  sail 
well,  in  order  to  make  long  voyages ;  it  ean,  on  an  emergency, 

take  itb  place  iii  a  line  oi  battle^  and  occasionally  it  is  used  as 
a  convoy« 

On  the  BaUoBt. 

6*  A  ship  of  the  line  must  necessarily  hnv^  Mlast  in  order  Jto 
ppneserve  its  qualities  at  the  end  of  a  long  voyage,  when  the 
gre^ler  paft  of  tlie  provisions  and  aiDmnnition  is  consumed;  and 
as  these  weights  are  so  considerable,  that  the  ship  may  be 

thereby  lightened,  for  example,  a  foot,  bo  the  centre  of  gravity 
of  the  ship  and  lading  not  only  rises  a  foot  higher  abpve  the 
water  than  it  was  at  first,  but  also  so  much  the  more,  as  these 
diminished  weights  in  the  hold  cause  the  common  centre  of 
levity  of  the  ship  to  rise  higher  in  the  slup  than  it  was ;  by 
which  the  stahility  is  diminished.  It  is  therefore  necessary,  in 
order  that  this  loss  of  stability  may  not  be  too  great,  to  have 
such  a  quantity  of  ballast,  that  the  remaining  weight  in  the 
l^ld  may  not  be  too  little  in  rehitimi  to  the  constant  weight 
above  the  water;  and  it  is  thb  quantity  of  ballast  which  is  in- 
serted in  the  following  table.  No.  5,  a  less  quantity  of  which 
would  have  been  sufficient,  if  the  ship  had  not  had  such  a  form 
that  when  it  was  lightened  a  foot  the  metacentre  rose  higher 
in  the  siiip  than  it  was  before,  when  it  had  the  full  lading. 
Such  a  ship,  in  case  it  should  come  into  action  with  an 
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my,  when  the  wind  is  not  very  higli,  wiUi  moderate  sail  ^-c  t, 
^0i|^  attaejt  ibf  aienq^f  luui  Bs^  without  dwigvr^  th^  k«ward 
kwiy&d^'gllii^  ;  wliehsaB,  ott  t(u9  coiitrar^>  ft  stiip^^jibe  usual 
fHrm,  that  is,  wjioM  breadth  dtmifiishes  Iflfmi^tat^  ^dcyw  the 

water-line,  and  with  a  flat  Iwitom,  aiid*  with  more  than  double 

the  quantitv  of  ballast,  could  not,  in  an  etjually  high  wind,  \  en- 
|j|re  the  attack.  This  subject  wiii  be  comidtr^^  furtl^er,  when 
|iMi«t^|  jon  Ule       of  th^  ^  ae^ 


-is=f 


t^VMifHirJi^/^  ¥  f^^^  pountb,  qf  uH  the  Fur- 
I  'W^qf^^ArtiOery^  m  order  to  find  th^  thep^hi 

^  the  Ballast.  \  .  ■  ;  i 


.48  V 

T 

il2 

84 

1 

12^ 

6 

A!l  which  rt'late*?'^ 
to  iiiii  guu  aud  I 

No.  2.  J 

11)4,20 
23,70 

172,00 
20,75 

149,51 

17,78 

\  ^31) 

126^ 

!4,81 

1,29 

11,82 
1,19 

^ — ^ 

8,87 

a^,4i 

0,79 

j                  ■  < 

[  m 
1  0,40 

-J 

1M),30 


63,12 


34,40 
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To  find  the  Number  qfthe  Crew. 


7*  Men  for  the  service  of  the  guns,  besides  a  boy  for  each 
gun.  the  weight  of  metal  |  men  for  the  service  of  a 
gun ;  C,  the  number  of  guns  on  one  side ;  D>  the  men  for  tlie 

sefvicp  oi  all  the  gun3  of  e^ch  weight  of  metal. 


Table  No.  6. 


110 

80 

74 

60 

A 

B 

c 

D 

C 

D 

C 

D 

C 

D 

C 

D 

C 

48 

15 

15 

225 

42 

13 

•  • 

•  • 

15 

195 

15 

195 

36 

13 

16 

208 

•  • 

• . 

»  » 

•  • 

14 

182 

13 

169 

•  • 

•  • 

30 

11 

•  • 

•  • 

16 

176 

13 

143 

24 

9 

15 

135 

•  • 

•  • 

16 

144 

15 

135 

14 

126 

.  • 

•• 

18 

9 

•  • 

•  • 

16 

144 

13 

117 

12 

7 

P 

63 

• » 

•  • 

63 

8 

56 

6 

42 

1S  = 

631 

515 

402 

373 

337 

1  '960 

J  • 


In  the  treatise,  "Kiinnedom  af  Linie-Skepp/*  §  8,  the  number 
of  the  whole  crew  is  determined,  from  which  may  be  found  the 
number  oif  men  to  be  added  to  those  for  the  service  of  the  guns, 
3iamely,  the  different  classes  of  officers,  the  musketeers,  men  for 

working  the  ship  in  action,  and  for  other  services,  and  the  boys, 
denominated  altogether  the  resei-ve;  and  this  will  apply  in  the 
North  to  all  greater  and  smaller  ships  ot  the  line  in  tliis  man- 
ner :  if  the  weight,  in  cubic  feet  of  water,  of  all  which  is  eon^ 
nected  virith  the  armament.  Table  No*  4,  s  C,  the  number  of 
the  men  which  are  appointed  to  the  service  of  the  ^ns.  Table 
No,  6,  =s  S  3  and  the  reserve  =  R  3  then  for  the  three-decked 

•hips,  R     12,79»     ~     9  and  for  two-decked  ships,  R  =3 
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5^42.    "•'-^ '   •  The  reserve,  caicuhted  aecordiiigly,  is  in- 
50 

serted  ia  the  fottowmg  Table 

TABLSNb.7. 


110 

94 

80 

U 

66 

52 

369 

333 

304 

285 

269 

228 

Men  for  tlie  fltnrke  of  «he> 

C31 

515 

402 

373 

337 

— i — 

1000 

848 

., 

706 

606 

48S 

8.  The  Table  in  the  above-mentioned  treatiset  §  9,  aibrds 
inlDAhatiOft  *  respeetiAg  the  weight  of  provisiotts,  watef,  &c. 
Cdal  must  be  substidited  for  Kre^wood,  because  the  weight  of 

coal  is  not  more  than|  of  that  of  wooil  usuaily  allowed  ^,  and 
does  not  occupy  more  than  ^  of  the  room  ;  by  which  a  ship  can 
tal^e  a  much  greater  quanti^  of  provisions'* 


*  As  the  wood  «*laich  is  coanmonly  alloweid  for  tooking  is  twice  as  Tntirli  as  ia 
necessary,  if  properly  tnlpn  onrp  of,  iLe  finantitv  of  cool  •»bic)i  is  ioi^ertoJ  in 
Table  No.  9  is  quite  aiifficient  for  the  irhote  time  ibr  wbieh  tW  siikps  tro  pro* 
visioMd. 

2  In  sliips  of  wci  Li;4ire  it  always  a  want  of  sufficieot  room  for  lodging  tbe 
ship  Si  company,  and  especially  in  frigates,  in  which  this  deficiency  is  the  greater 
^oo  aeoooot  Hcfrddsi  sseople4  bj  tlis  boat  sad  glMey  oa  the  audn  deck  ; 
if  thfrefozs  nscsasary  attrition  bs  psid,  tbsC  sU  ths  mm  appropriated  la 
xeceirs  tbe*  ptovbioiis,  wster,  csbles,  sad  olber  snides,  9ub,  wbleh  sM  toVs 
fMit  oA  bMftd,  isptfopnlj  di?  idsd,  KwjH  b»  AM,  Ait  ttsSHftftsK  IS'SMsA 

Mow  ito  .saA^i  ddtk;  s«  Ost  mliBeHir-battU  sli|»s»      i^T  <te 

built  there  for  gome  of  tbe  officers,  as  is  usual,  but  a  part  of  the  ship's  company 

can  be  lodged  tliero;  but  in  frigates,  not  only  uU  the  officers,  but  all  tbe 
8Mp*8  company  tnn  be  lodged  thcri\  by  -vvlnVJi  fri^'-ates  may  always  obtsht  the 
iulrantu<^e  of  h n v  ing  the  mani'decis  cleer,  eo  that  ^lers  intt  he  as  ebtfnalias^ 
wdiiang^Lhe  gjuoa. 
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Table  No.  8. 


iJalculutiom  of  tkt  Prm)isiom, 


.   I  "J 


1    iProTinions  for  8| 
m  Ctii  aUowtuices. 


■I 


Pork  r.T,?T 


Salt  .. 


|N>atids. 
18,00 

8,00 


cttbk  ft. 


1,75 
€3,00. 


0,61^5 

3,375  0/3375 


Brapilv  . . , ,  1 ,750 
VliglM.^  M7ii 


•ft ' 


Weifiht  of 
5<>  allow- 


ft 

«« 

*• 

do 

6,1  per  kan 
6,1  p^r  kab 


} 


i«A?r,-vM-""""-  

56  ftl^^aaci^  of  furovisions  with) 


173,372 


t.k\      f.'', '1*. 


{  :  Kit 

I  .ti  p.t    1     .  ► 


18,00 
8,00 

ii,do 

6^ 
4>«> 

1,75 
62),00 

22,050 

17,634 

a,t50 

10,fi75 

6,176 
173^7) 


10  kansasa  cubic  toot. 
By  an  aUowaiKW  it  mHvt, 
wli  I  t  I   used  b j  OM  inBH 

in  a  day. 

1^  kan  of  water  is  al 
lowed  daily  to  tmch  maM 
for  <,>)okiiii;-  and  drhikui*. 
A  kuii  ut  iivsh  waterweijfii^ 
6,1  puutuis,  so  thit.  tini 
wti^t  «f  an  aUtfuimcg 

of  wilir  ^  ^4  4i  ailM 

poandi  J  and  as  tb«  teM  ol 
water    24  per  cent,  of  th« 

weight  of  the  water,  ?in  r^t 
lowance  of  watpf  mtii  it^ 
tare  =  8,133.  l,34a»IO,085 
pomids. 

The  weight  of  an  allow* 
atice  of  wood  for  cooking 
=  2  pounds,  and  ^  of  this 
w  -   0,S   pound,  ilu 

w  ei^h.t.Ql  coal  ;  i^pmnliQ^ 
lowMcb  flie  coal  lor  lb# 
whole  time  of  prov  lslinnisir 
is  rale i;hiti'(l.  Ati  iillnw 
]  atice  of  wuoti  lor  dufiii;iM«fe 
isesOfSSC  pound,  wliich  i| 
calculafi'd   ^or   the';  iBni4 

time  as  the  vrato^  ' 


.1 


-rr 
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Table  No,  9. 


^fuefy  thing  relating  to  the  Promsions, 


• 

m 

C 

a 
o 

J 

B 

a 

Namber  ot  Months  fur  tbe 
difftrent  articlei. 

sec 

(N)mplemcnt  of 
Crew. 

at 

o  a 
1.  • 

s  * 

il 

Weight  of  an  al- 
lowance in 
pounds. 

Whole  quantity 
in  pounds. 

Ineub.  ft.  of  wa- 
ter at  63  ponndi). 

pl 
oi  s 

Provisions  and  tare  5,4 
WaU^r  atid  tare  . .  2,7 

ai^o  ••••••• 

!  DdDMfe  wood .  •  *  ^2,7 

164,70 
82,35 

109,80 
82,35 

1000 

164700 
82350 

I09r!00 
82350 

10,085 
0,8 
0,586 

830500 
'87840 
^4825? 

13183 
1396 
766 

23439 
20978 

»  •  j  J 

*  i 

'FMnrifltoDs  Midtare  5,7 
Wat«r  and  tare  ...2,85 

Duouag:e  wood. . . .  2,85 

173,85 

86,925 
115,90 
86,925 

848 

147425 
73712 
98283 
73712 

10,0K5 
0,8 
0,586 

4\6413 

743386 
78626 
43195 

7245 
11799 
1248 
686 

80 

74 

Provisioii'5  ancl  tnre  6,0 
Diniiia([^-wood. .  •  •  3,0 

183,0 
91,5 

122,0 
91i5 

706 

129198 
U4599 
O01.52 

3,0959 
10,085 
0,8 
0,586 

399984 
651481 
68905 
37855 

6349 
10311 
1099 

18390 

ProTisioBB  aodtare  6,0 
Water  tod  tart....  3,0 

Duunage  wood ....  3,0 

183,0 
91,5 

ft 

91,5 

658 

120414 

60207 

60207 

^,0959 

10,085 
0,« 
0,586 

372790 

607 lah 
64221 
35281 

5917 

9f)3S 
1019 
560 

1713  i 

Provisions  and  tare  ^,0 
Water  auti  tare. .  .  .3,0 

Dttimage  wood. . .  .3,0 

183,0 
91,5 

122,0 
91,5 

606 

1  mSHH 

73932 
5544i^ 

0,8 
0,586 

1 

59146 
32493 

939 
$15 

15780 

's2 

ProvUions  and  tare  6,0 
Water  and  tare. ...  3,0 

(ual   .6,0 

i>uimage  wood.... 3,0 

183,0 
91,5 

122,0 
91,5 

488 

89304 
44652 
59536 
446j2 

3,0959 
10,085 
0,8 
0,5  b6 

276476 
450315 

17629 
26166 

4389 
7148 
756 
413 

12706 
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Table  No.  10. 

Owes  the  IVeight  of  the  ProvtsionM  and  Water,  ^c.,  ike  Ship's 
Cmt^^mv^f  and  aU  which  behngt  to  the  Defeaee^  and  the 
BaUart,  m  CuMe  Feet  qf  Water. 


110 

94 

80 

74 

66 

52 

everything  relating  to  fbe  provision-  \ 

23439 

20978 

18390 

17134 

15780 

12^  06 

Deduct  the  proriaions  and  coaI  lor  fl 

2547 

2279 

1999 

186  r 

1714 

1380 

Keuiaiuder  ol  every  ihin^  relating  to  1 

20892 

18699 

16391 

15273 

14066 

11326 

Weight  of  the  crew  with  their  stores  , , 

4000 

3392 

2824 

2632 

2424 

1952 

Every  thing  relating:  to  the  armamenl,  1 

25549 

18758 

15129 

13042 

11882 

8135 

Ballast^ Tabic  No.  5  •  

18179 

14193 

11146 

9627 

8762 

6037 

Total  of  tbe  provuions^  cnw,  wtmn-  \ 

6662o|55042 

45490 

40574 

37134 

27450 

Tablb  No.  11. 

Qives  the  Displacetnents  of  the  Ships, 


110 

i  94 

1  80 

74 

66  1 

From  thcforej^nins^Table  No.lO  A  - 

66620 

55042 

45490 

40574 

37134 

27450 

'  Ship's  hull,  masts  and  yards,  rig-  1 

86255 

ging,  &c.«  1,21»47  A=  J 

Ditto       ditto          1,3309  A  = 

•  • 

73255 

Ditto      ditto     4,034  A<«>  87  • 

«  • 

•  • 

61910 

55848 

51588 

39303 

152875 

128297 

107400 

96422 

8872-2 

66753 

6,48 

6,50 

6,99 

6,83 

6,75 

6,33 

1  At  aU  the  weights  in  a  Iine'0f-l>attl6  ihip,  which  are  consumed  during  a 
YOyage,  are  aitaated  below  the  water-line,  nnd  contribute  to  the  stabilitv,  it 
follows,  that  when  n  part  of  these  woip^hts  is  consumed,  the  stuhility  is  dimin- 
islifd  :  tliu3  the  stability  is  greatest  at  the  commencement,  and  least  at  the  con- 
clusion of  a  voyag^e ;  and  as  it  seldom  happens  that  immediately  on  tlie  com- 
mencement of  a  voyage,  hostilities  take  place  between  two  fleets,  it  has  been 
considered  right,  that  all  the  calculations  which  respect  the  stability,  should  bo 
in  relation  to  the  state  of  a  ship,  at  tbe  end  of  about  |  part  of  the  dttiation  of  lStt9 
voyage,  and  it  is  this  Vater-Une  ivbicb  is  drawn  on  tbe  droogbt,  from  wbiek 
tlio  staatiog  is  detemined. 

«  Tbe  whole  weight  of  tho  ship  itself,  together  with  tbe  mssts  and  yarda, 
tigging,  anchors  nnd  cables,  &c.  tnd  tbe  master's  and  carpenter's  stoios,  avs 
oaleulated  for  n  larger  and  a  smaller  ship  of  the  line,  from  which  tho  ezpres&ons 
whieh  are  inserted  an  deduced. 

VOX..  III.  M 
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Thus  the  displacements  of  ships  are  at  length  obtained,  from 
which  their  dimensions,  the  length,  breadth,  and  depth,  must  be 
found  ;  and  as  ships  are  propelled  forward  by  sails,  the  size  of 
the  sails,  or  their  area,  greatly  influences  the  dimensions  and  form 
of  ships :  thus  a  ship  together  with  its  sails  must  be  considered 
as  one  machine,  whose  dimensions  and  form  are  required  to  be 
found.  (See  the  Introduction.)  Hence  it  appears,  that  the 
dimensions  and  form  of  a  line-of-battle  ship  cannot  be  deter- 
mined in  any  other  method,  than  by  an  investigation  of  ships 
which  are  already  built,  and  by  approximation,  in  ultimately 
obtaining  what  is  sought. 

'  The  drawings  in  this  work  are  made  agreeably  to  these  prin- 
ciples and  the  before-mentioned  methods,  according  to  which 
general  rules  will  be  given,  by  which  the  drawings  of  all  classes 
of  ships  of  the  line  may  be  constructed  in  a  more  methodical 
manner  than  has  been  hitherto  adopted^  and  with  greater 
certainty*?'?- 0' •  "  ■■ 


J  Chap.  III. — Method  btj  which  the  Length  and  Breadth  of  a 

j  .  Ship  should  be  found* 

I  The  method  of  determining  the  length  of  a  ship  by  the 

I  number  of  ports,  the  space  between  them,  and  the  distance  for- 

I  ward  and  abaft  to  the  stem  and  the  sternpost,  is  erroneous ;  the 

I  product  of  the  number  of  guns  into  their  Weight,  principally 

i  determines  the  displacement,  consequently  the  displacement 

must  determine  the  length,  which  may  be  seen  from  what  fol- 
lows ;  and  it  will  be  found,  that  the  length  so  determined,  will 
agree  with  the  determined  number  of  guns  on  Uie  lower  deck* 
!  If  it  should  happen,  that  the  length  is  considered  to  be  too  great 

for  the  number  ot  ports,  it  is  on  this  account :  that  as  the  sum 
of  the  weights  of  the  guns  is  given  and  constant,  it  follows,  that 
if  each  gun  is  of  a  greater  weight  of  metal,  the  number  is  smaller; 
and  if  each  gun  is  of  a  less  weight  of  metal,  the  number  is 
greater ;  but  the  length  of  the  ship  is  nevertheless  the  same. 

As  it  is  the  object  to  construct  these  ships,  and  especially 
their  after  bodies,  according  to  the  expression  obtained  for  the 
effect  of  the  water  \  and  in  order  that  the  diagonals  of  tlie  after 
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bodies  may  as  nearly  an  possible,  agree  with  the  direction  of 

the '  relaxation-lines ;  it  only  becomes  necessary  in  the  first 
place,  to  form  general  rules  from  the  given  displacement,  for 
finding  the  length  /,  which  is  called  the  construction-water- 
line,  and  the  breadth  of  the  ship  B,  which  is  the  greatest 
breadth  at  the  water-line,  for  all  ships  of  the  line;  in  obtaining 
which,  the  method  which  I  have  called  in  reference  to  its  object 
the  exponential  calculation,  has  been  found  to  be  best  adapted. 

Draughts  of  tlie  five  classes  of  ships  of  the  line  have  been 
constructed  with  exactness  and  great  care,  in  conformity  with 
what  was  recommended  in  the  introduction,  and  the  necessary 
calculations  have  been  made  and  verified  by  repeated  operations, 
until  the  ships  j)osbessed  their  present  size,  stability,  resistance, 
&:c.  In  the  following  table,  the  length  /,  and  breadth  By  have 
beeii  determined  accordingly.  > 


,  t 


Tabuk  No.  12. 


• 

110 

94 

60 

Displacement,  D  = 

152875 

128297 

88722 

207,59 

196,65. 

175,48 

Bre«Uth,  J)  ....  » 

56,27 

53^2 

48,46 

.  In  finding  the  length,  /,  from  the  displacement,  for  all  ships 
the  line,  the  ships  of  91  and  C()  guns  have  been  used.  Put 
therefore  128297  =  C)U,  and  88722=/),  also  19G,G5=1,  ami 


*  It  was  found  by  physical  expftrimerils,  made  in  the  year  1794,  (»ee  tlio 
traiisuctions  of  tlie  Uoyiil  Academy  of  Scionces,  lirit  quarter  for  tho  yeor  1795, 
$  l.>.)  tliat  tho  eftVct  of  llie  water  on  tho  after  end  of  a  body  in  opposing  its 
progress,  is  a  mininuau,  when  the  surface  of  tlio  body  makes  an  angle  of  13°  17' 
with  itji  middle  line  ;  the  lino  which  tliii  uuj^lo  muk^s  with  the  middk  line  of  the 
sbip  i»  culled  tho  relaxation-line.  ■      -       *       .  < 

f  -2  When  a  <;fneral  rule  in  to  be  found  for  a  larger  and  a  smaller  ship,  Roman 
letterd  arc  i:^d  fur  the  larger  ship,  and  Lt-.ilic  f«.r  the  smaller  sliip. 

>i  2 
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As  th^  exponential  method  is  to  be  used$ 
:!>'::  l  :l\ hence 

log>  1  -log.  I    log.  196,65 -log.  175,48 
the  exponent  v  =  jog,  D-log.2)=tog,  1 28297 -log78S722 
196,65, . .  ,2,2936940  128297. . .  .5,l082l6i. 

1 75,48. .  . .  2;2442276  88722. . . .  4,9480318  • 


0,0494664  0,1601852 


0,1601852  ' 

2,2i^36940 

5,1082165.0,3088=1,57741/2 

0,7 162768.,.. 5,2033=ithe  cp-eflicient 
2,2442276 

4,9480313, 0,3088=  1,5279520. . . .  5,2033ssthe  co-efficient 
These  two  co-efficients  are  the  same,  although  they  were  not 

correctly  calculated  bcfoic. 

Thus  tlie  length  I  =  5,2033  D  V*'^  is  (0  obuiued  for  all 
the  liuc-of-battle  ships. 

To  find  the  breadth  B  from  the  length  I  for  tbree^dedied 
ships,  the  same  method  is  used.   Thus  the  exponent  for  110 

and  94.guD  .hips,  v  =,1^^  ^yru^^gG^Go  ■»«> 

as  the  co-eihcieut  is  found  to  be  a  divisor=3.586c3,  the  breadth 

I  U'</947 

ii,  for  all  three-decked  ships  of  the  line  =g  5863' 


'To  obtain  tlio  proporh'on  i)\  il.o  li^ngtli  directly  from  iho  (lisplacemtrnt,  15  uuL 
considered  uuitlituieUcally  torrtcL  lor  this  reasoii  .  ihiit  it  one  thing  is  to 
compared  with  another,  the  two  quantities  must  be  homogeneous  or  of  tbt  ayif 
kind,  mmetyf  a  Mlid  with  a  solid,  a  plane  with  a  plane,  and  a  line  with  a^luM* 
bat  it  will  be  found,  that  this  method  of  obtaioin^  the  length,  agree*  witik  Iho 
pHnoipla*  When  a  length  ii  compared  with  a  solid  body^  the  eoniptfiiaii.l# 
with  the  cnbe  root  of  the  bodj;  and  as  it  is  the  cube  root  when  the  exponent  is 
^^  itioKo  A  A,  that  when  the  exponcut  ia  lem  than  ^,  ai  in  the  eaae  of  ibe'ed^Miettt 
being  ==0,:>0B8,  the  less  f^liip  has  a  greater  length  in  proportion  to  its  displace* 
Ai^nt  than  the  larger  ahip;  and  when  the  exponent  is  greater  than  ^,  the  leea 
ship  has  on  the  contrary  a  less  lengtli  in  proportion  to  its  disjihicement  than 
flio  larger  ship.  Likewise  when  a  plane  is  comp:ir»»(l  witli  a  soli'i.  it  with 
tlji>  :^nimre  o  fihe  cube  root  that  the  compari=!nii  is  muile,  tlie  expouent  of  >vliich 
is  f  ;  cuiiiJt'ijaenHy,  wrtfn  tbe  exponent  is  \h^M  ^;,  tlie  nr*-a  of  tlie  plune  ia 
greater  iu  proportion  to  the  sioiiU  ihuu  when  th«  expouent  m  gieuter.         *  '"^ 


Digitized  by  Google 


C4«spffMm'jr  Work  an  Siipi  qf  Wmf.  Idl 

To  iind  the  breadth  B  from  the  length  /  for  two* decked 
aliips.   The  exponent    of  ships  of  94  and  66  guns^s 
log.  53,32~log.  4M6  ^ 

log.  19fi,65-log.  175,48=^*^^^'  awl  as  the  co-efficient  is  a 

divi8or=sl,5767>  the  breadth  B  for  all  two-decked  ships  of  the 

/  0,8S»I 

Knes^^^^  3  according  to  which  the  following  table  is  cal- 
eulated. 


Tabu  No.  13. 


1  -  -XM                \  ■  - 

^Di•pIs«ellleom) 



110 

94 

80 

74 

66  ' 

r 

52 

1&S875 
307^9 
S6»87 

128297 
53^ 

107400 

ie6,i& 

50,92 

96422 
180,05 
49,51 

88722 
175,48 

48,46 

66753 
160,72 
45,01 

11.  As  in  this  treatise,  the  intended  form  of  a  ship's  body 
cannot  be  immediately  given,  without  first  preparing  from  the 
displacement  the  constniction-elementy  and  forming  the  ship's 
body  from  this  element,  the  method  of  obtumng  It  will  be  here 

explained. 

The  form  of  this  element,  whose  solidity  is  to  be  equal  to  the 
displacement  of  the  ship,  must  be  such,  that  its  upper  plane  shall 
Ibrm  a  rectangle,  the  length  of  which  is  equal  to  the  length  of 
the  water*line,  the  brea/dth  equal  to  the  greatest  breadth  at  the 
wster-Kne,  and  the  depth  equal  to  the  area  of  the  0  section 
divided  by  the  breadth.    The  vertical  form  of  this  element  has 
a  very  great  resemblance  to  a  segmei)t  of  a  circle;  but  the 
cnrve-Uue  which  forms  thisi  segment,  must  be  such  that  when 
ils' vertical  ordiuates  are  multiplied  by  the  breadth  of  the  rect- 
angle, it  will  give  the  areas  of  tlie  plane  sections  equal  to  the 
areas  of  the  vertical  sections  of  the  ship  at  the  corresponding 
stations  \  also  that  when  the  greatest  depth  of  this  element 
is  multiplied  by  the  breadth  of  the  rectangle,  it  will  give  tlie 
area  of  the  0  section :  which  is  illustrated  by  what  follows. 

Let  Fig.  46. be.  such  an  element  or  body.  Let  AB.bCt^  /, 
eqnal  to  the  length  of  t^he  ujyjier  plane,  and  put  ita  breadths 
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IM  Deso^wn  of  an  Improved  Bqw 

Am  the  area  of  the  greatest  section  =3  0^  the  depth  £F  of  the 

body  at  that  station  will  be  =  Put  the  diiiplMMCiit  .or 

known  solidity  of  the  body  is  D.  Let  the  form  of  the  bottote, 
•r  the  curw-liM  AFB^  whieli  nfnmm  it,  b«  a  pmMt  nMh 

its  vertex  in  F,  the  place  of  the  greatest  section  ;  the"  abscissa 

EF  is  then  =  ^,  and  /=to  the  length  of  both  the  ordiuates 
EA+EB.   Let  its  equation  be  p30=zy'*,  Uien  the  area  of  the 

whole  parabolic  space  ABFA  is  =s  ^=s;  iify  and  the  exponent  of 

M 

the  {Hurabola  ^7^^:.^$     which  the  parabola  is  constnioted^ 

and  fhnn  which  the  co-ordinates,  a^h^c  are  known;  when 
these  are  nmkiptied  by  the  eonstant  breadth^  the  areaa  of 
the  sjecttans  al  the  eorresponding  stationa  are  obtuntd* 

» 


Art*  X.^DewT^lu>fi  of  an  In^proved  Bow  for  Ships  of  War! 

By  R.  F.  S.  Blakr,  Esq.,  Assistant  Master-Shipwright  of 
His  jMajesty's  Dock-yard  at  Portsmouth. 

GXMTLBMBN, 

I  BBG  to  <^er  for  insertion  in  your  valuable  work^  a  few  re^ 
marks  on  a  newly-eoftslmcled  bov,  wMeh  I  h«fe  latelf  pfD- 
(MMcd  for  ships  of  m»t  The  obfeet  I  hare  in  ttew,  Wu^  lertar 
the  armameiil  of  our  ships  ef  war  as  efficient  as  possible^  mm 

object  which  has  lately  particularly  engaged  the  attention  ot 
naval  officers  and  naval  constructors. 

The  experience  ot  the  last  war  clearly  showed  the  necessity 
ttf  the  better  forti^ng  the  extremes  of  onr  shifw;  the  stems  . 
have  of  hite  years  been  well  fortiiied»  the  bows  alone  have  re- 
immied  imperfectly  and  inadequately  armed.  Nwnerons  ave 
the  cases  in  which  our  naval  coiinnandeis  have  deplored  this 
defect  :  in  roming  up  with  an  enemy  after  a  chase,  they  have 
fteqoeatiy  been  obliged  to  alter  their  caorse  even  to  bring  a 
ringle  g«i  to  bear  imi  the  lower  or  nasn  deck;  the  ship 
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for  SJiips  qf  War*. 


duiatdr  \m  fUtut  p^wer  of  taking  advuitas*  of  thfai  defe^  in  Ihr. 

choice  of  her  position  ;  and  in  arldition  to  all  the  disadvantagM  t 
of  a  badly-fortifi^'d  bow  hitlu  rto  px|KMi(Miced,  the  stems  of  an 
eoemy's  ships  wiU  undoubtedly  iud  iuturc  war^  be  as  completely/ 
f«yrti&fd  m  Ibote^ our  thipt aow  whiohicodeff mfmi{\i 
tfffie  tfaai  tlie  bowi  of  our  mm'^Umx  tkottld  piM^  fto  llieiirt 
aa  e(|iMl  foiee.  Il  is  to  liUle  purpose  that  tlie  idHiig  qvali^t 
of  our  ships  should  be  improved,  and  particularly  lhat  their, 
velocity  should  be  increased,  if  the  e<^sential  quality  of  employ*; 
ing  their  artillery  to  advantage  be  wanting. 

X«(«tM«Hi  tkia  ivportaat  objeei,  I  (klinaalecl  what  I  Muc^vad 
tm\m  Bloat  complete  form  for  a  battery  at,  iMi  iMtoaiiity  of  ; 
tbe  ship^  not  only  to  employ  the  greatest  imniber  of  guns  (at  • 
leafit  equal  both  in  nunibei  and  force  to  those  of  the  stein)  con- 
veniently in  a  line  with  the  keel,  or  in  direet  ehase,  but  that  the 
f^maHght  be  used  with  equal  ease  in  oUiqua  fiiuig  or  quarter* 
ii^  aa  It  k  called  in  marine  gannsfy.  After  mmqr  tfial^  I  amt . 
I  kafo«ucecoded  in  accompUaliing  Ckb  olijoct  |  and  I  iMwe  tha 
^itisfaction  of  having  my  conviction  strengthened  by  the  opinion 
of  many  eminent  &cieiuific  and  practical  men,  who  have  ex- 
pressed themselves  decidedly  in  its  favour  in  every  point  of 
view.  In  tarrying  this  plan  into  effect  on  His  Majesty's  ship 
Vindictive^  under  mpairial  this  dock^^yaidy  I  have  been  able  to 
lealise  aH  the  advantages  I  expected  in  tkia  eina  of  riiips ;  and 
it  Is,  I  believe,  generally  considered,  without  injury  to  the  sym- 
metry and  general  appearance  of  tlie  Imjw, 

Fig.  47>  will  illustrate  the  principle  on  which  the  bow  is 
lomoed :  suppose  it .  to  represent  tlie  plan  of  the  foaa  part 
of  a  ahip's  deck;  a^.is  tka  foie  part  of  the  bow  wkidt  ia 
indtned  to  the  middle  line  (or  direction  of  Ike  kael)  of  the  ddp 
ah  at  an  angle  of  60  degrees  ;  .then  by  the  guns  being  trained 
to  an  angle  of  30  degrees  with  the  })lane  of  the  bow,  at  which 
^ey  will  conveniently  project  irom  the  ship's  side,  they  will 
point  in  a  fore  and  %h  direction».cct  When  theta  gnna  are  »- 
qfulred  toquarter,  by.  their  being  trained  aft  to  the  imna  angle 
oi  SO  degrees  with  the  plane  of  the  bovr^  their  diiectlon  4d  will 
be  parallel  to  the  directiou  tt  of  the  broadside  guns,  trained 
to  the  same  ans^le  of  30  degrees  with  the  ship's  bide.  The 
ohaea  guns  can  theieforcbe  used  equally  well  in  quartering 
in  luppoit  of  the  broadside  guosi  as  they  can  in  a  fore  an4  >ft 
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IQS^  De9cripiim$  of  an  In^oved  Bow 

direction.  Now  it  is  well  known  in  practice,  that  guns  can  be  ' 
trained  safely  to  35  or  37  degrees  with  tfic  planes  of  the  ports, 
so  that  there  will  be  an  allowance  of  5  degress  or  more,  by 
which  the  fire  of  the  bow  guns  on  one  side  nay  cross  the  lire 
of  those  of  the  other,  and  the  fire  of  the  bow  guns  cross  the 
fire  of  the  broadside  p;iins;  and  it  admits  also  for  a  variation  in 
the  course.  The  bow  is  readily  formed  from  these  lines  by 
drawing  a  curved  line  n^ffff,  to  which  the  lines  ba  and  ^  are 
tangents. 

This  principle  may  be  carried  into  effect  with  perf^t 

ease  in  the  construction  of  a  ship's  bow.  From  the  seat  of 
water  downwards,  the  body  remains  unaltered,  and  the  bow 
gradually  assimilates  upwards  with  the  required  form  at  the 
lower  deck|  or  about  eight  feet  above  the  water,  which  is  c6n* 
tinned  upwards  to  the  forecastle  with  but  little  alteration* 
Fig.  48  represents  a  comparative  view  of  the  proposed  bow,  and 
a  bow  of  the  usual  form  at  the  lower  deck  of  an  eighty-gun 
ship;  the  line  ahc  shows  tlie  form  of  the  proposed  bow,  the 
part  aif  being  straight  and  inclined  at  an  angle  of  about  60 
degrees  with  the  line  of  the  keel;  and  the  dotted  line  n^^show* 
the  usual  form. 

The  increase  of  force  wluch  may  be  obtdned  by  the  proposed* 

plan  in  the  different  classes  of  our  ships,  inav  bo  seen  by  the 
following  comparison  with  the  present  force  ot  our  bows. 

A  three-decked  ship,  or  first-rate^  canl 

employ  in  the  direction  of  the  keel  •  .J  ^ 
FV>r  quartering  on  each  side  •     •     •     .  74 

A  two-decked  ship,  comprising  second  and"] 

third  rates,  can  employ  in  the  direction  f  8  4 

of  tlie  keel         .       .      •  *  • 
For  quartering  on  eadi  side  •     .     «     •  4      3  ' 

A  frigate  of  the  large  class  ,  can  cmph^v  in  1  ' 

the  direction  of  the  keel       .       .       .  / 
For  quartering  on  each  side  ....  32 
All  other  classes  of  fricjntcs  can  employ  in  1  \^ 

the  direction  of  the  keel      ...  J 
For  quartering  on  each  side  ....  22 
Corvettes  and  hi  i4>s        ....  2  none 

^Ot  quartering  on  cacli  side  ..«,••  .1  1 
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I  think  it  proper  to  remark  on  the  description  of  force  given 
above,  that  in  the  first-rate^l  have  in  the  amngement  of  her  ports 
given  on  the  lower  deck  an  extra  bov  port  on  each  tide,  which 
may  be  used  conveniently  for  quartering,  or  as  a  broadaide  gun, 
and  may  be  found  pmticularly  useful  when  the  gims  may  be 
required  to  train  before  the  beam,  on  which  occasion  the  after 
gun  from  the  rounding  in  of  the  body  aft,  may  be  rendered 
naeleBs* 

The  increased  weight  of  metal  on  this  plan  in  direct  chasc^  la 
in  SQroe  cases  three  times,  and  in  the  least  advantageous,  up- 
wards of  twice  the  present  weight  of  metal. 

If  the  diflference  in  the  resistance  of  the  air  on  the  two  bows 
should  not  be  considered  too  triiling  to  be  laeutioned,  it  may  be 
observed,  that  its  effect  will  be  diminished  by  the  increased 
obliquity  of  the  fore  part  of  the  form  proposed.  It  may  also  be 
remarked,  that  in  pitching^  a  ship's  course  will  be  less  impeded 
by  the  part  of  the  bow  above  the  water  being  more  oblic^ue  to 
the  direction  of  the  force. 

In  conclusion  1  beg  to  remark,  without  reverting  to  the  good 
which  aighl;  have  been  derived  in  casualties  from  a  weUrarmed 
bow  in  former  wars,  such  as  entering  harbours,  attacking  gun- 
boats, and  for  defence  when  a^hip  is  stationary  m  a  tides-way, 
oi  aground.  &c.,  that  1  cannot  but  anticipate  what  may  happen 
in  future, — when  it  is  generally  conjectured,  in  the  event  of 
hostilities,  a  novel  and  more  active  mode  of  warfare  will  be 
adopted  by  all,  by  the  introduction  of  sleem  navigation  into 
naval  warfare.  The  increased  facilities- it  will  afford  to- the 
rapid  movements  of  armed  vessels,  mW  render  every  impvove- 
niont  th;it  can  be  made  in  the  means  of  attack  and  defence  in 
our  sliips  of  war  tlie  more  necessary.  Tlie  advantages  wliich 
wiil  result  from  the  introduction  of  the  proposed  form  of  our 
shi|)s,  will  I  trust  be  found  highly  important  in  this  respect, 

I  remain,  Gentlemen, 

Your  obedient  servant, 

R.  F.  S.  Bmkr. 

PtfT/imaitfA  Jhei'pMrdt  Uih  Map,  1830. 
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171        Method  qfJMng  m  CeiUm^qf  Grtmty 

AaT.  XI. — Method  af  findinfj  the  Cenireg  of  Gravity  of  the 
.  Load-water  and  Muhki^  i:kcliQm^  and  the  Vetitre  ^  Gr^vUif 
^  the  XHiipliicemeHt* 

No.  2.  In  the  last  number  of  this  work,  we  gave  the  method 
iof  calculating  the  displacement  of  a  ship  ;  and  in  the  operation, 
the  areaft  of  the  loacd-water  and  midship  sections  were  founds 
We  shall  now  proceed  to  find  the  centres  of  gravity  of  the  UmA^ 
ivflftelr  and  middrip  sections^  and  the  centre  of  gravity  of  the 
displacement. 

If  any  body  is  supj^osed  to  consist  of  an  indefinite  number  of 
corpuscles,  the  sum  of  each  corpuscle  multiplied  by  its  distance 
from  any  given  plane,  divided  by  the  sum  of  the  corpuscles, 
g^ves  the  distluiee  of  die  centre  of  gravity  of  the  body  firom  that 
plane.' 

'  The  rules  given  in  Avt.  I,  lii  tlie  last  number  lor  approximat- 
ing to  the  areas  of  plane  surfaces  and  the  contents  of  solids,  are 
equally  applicable  to  the  determination  of  their  centres  of 
gravity.  If  y  represent  any  ordinate  of  a  cm^  perpendicitUu- 
to  Its  ahscissa  measured  from  its  luithd  pofht^/^ifir  wW  he  the 
area  contained  between  the  ordinate,  abscfssa,  and  enrte  ;  tat4 
fyxdx  will  be  the  product  of  the  ordinates  multiplied  by  the 
differential  ds^  and  by  the  distance  x,  I'herefore  the  distance  of 
the  centre  of  gravity  of  this  curvilineaf  space  from  the  initial 
Cyxdx 

point,  wiU  ^y-yifa  "*        situation  of  the  centre  oi  gravity  of 

a  solid  body  is  found  in  a  similar  manner. 

Every  transverse  ordinate  of  the  load-water  section  being 
bisected  by  the  longitudinal  line  passing  through  the  middle  of 
the  stem  and  stempost,  the  parts  on  each  side  of  this  line  wiH 
balance  each  other,  and  therefore  the  centre  of  gravity  of  this 
sectibn  will  be  in  this  fine ;  it  is  thus  necessary  only  to  find  Its 
situation  longitudinally.  The  centre  of  gravity  of  tfie  midship 
section  being  in  the  vertical  line  passing  through  the  middle  of 
the  keel,  it  i«  necessary  only  to  find  its  situation  vertically.  For 
a  similar  roison,  the  centre  of  gravily  of  thfe  dIaplaocnMit  haiag 
always  in  the  longitudinal  vertical  section  passing  through  the 
middle  line  of  the  load-water  section  and  the  middle  line  of  the 
keel,  it  is  necessary  only  to  find  the  vertical  and  longitudinal 
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m  emt6  ^  gnunttf  I*  ttkOM^t  ifc^  Inter- 

In  finding  the  centre  of  G:ravity      any  cin-villnear  space,  hy 
means  of  either  of  the  above-mentioned  rules  of  appiuxiuiatioii, 
each  ordinate^  is  ii|iiitiplie4  by  it9  perpendicular  i^istancc  froto  a 
ghMtWrnj  iiitMy]  a  fctte  taken  near  one     lU  extiremitieSy^ind 
|lMiMMPti^ifV*ilk^0^  IBB  oiAliMttlij^  natiA  ttM  np^fvCkMi  ,I| ;  j^f*: 

fonned  in  the  same  manner  a»  for  finding  tlie  area ;  ttie  area  of 
the  part  of  the  curvilinear  spaee  on  the  o[>])osite  side  of  the 
givett  line  from  wf^ch  the  perpendicular  distances  of  the  ordi- 
natea^lllrdilieasttred^  k  multiplied;  hj  the  distance  of  its  centre 
of '  gmiq;^  hma  tHii;  fine^  deteriUin^^  by  4  separate  operation j 
and  tht^pfdace  ti^litraeted  firom  th^  result  ol^tained  by  the  pro-> 
ducts  of  the  ordinates  into  their  distuiices,  by  the  rule  of  ap- 
proximation.   The  remainder  divided  by  the  area  of  the  eur- 
vy^pwe  <space»  gi^  the  dialance  of  its  eentre  of  gravity  from 
diCtjglflBtt-liaa,  im  Ifcfe  manner  the,  ccintref  . of  gravity  of  the 
kiMMiMf  and  nM^%p  tecthms  iar^  fiMnd.  * 
I '»*TWW€|j|iliL  of  gravity  of  the  displaeemeftt  is  found  in  the 
.same  manner  :  in  obtaining-  the  (le))th  of"  it**  centre  of  gfravity 
below  the  load- water  section,  each  bucceshive  hoi  i/ontal  heetion 
is  liiAliplied  by  its  perpendicular  distance  below  tiie  load-water 
aMtfi%'aiidfbe  piodiicts  are  used  as  ordinates  in  one  of  the 
Tviee  ;  tollie  result  is  added  the  product  of  the  part  of  the  dis- 
placement below  the  lowest  horizontal  section  multiplied  into 
the  distance  of  its  centre  of  i2:ravit\  iVoni  the  load-water  sec- 
tion; the  result  divided  by  the  total  volume  displaced^  gives  the 
diMM' of  ittjMiCre  of  gravity  below  the  load-water  section, 
!IB|^S||ii^i^         centre  of  gravity  of  the  displacement  lon- 
gitu liillity  kt^btained  in  a  similar  manner,  by  multiplying  the 
area  of  each  vertical  section  by  its  distance  tVoni  om  of  tlie 
extreme  vertical  tsections,  as  No.  1,  fig.  2,  anil  proceeding  as 
before ;  the  result  divided  by  the  total  volume  displaced^  gives 
ll^^jipPlMlf  of  its  centre  of  gravity  from  this  section. 

multiplying  each  ordinate  by  its  perpendicular 
distance  fipom-  the  given  line  or  plane,  it  is  more  convenient  to 
multiply  tlie  successive  ordinates  by  1,  2,  .S,  4,  &c.,  and  the 
TifJiftiin^  fl?**irjHTH""^*  by  t^  c<Hamou  distance  between  Uiem« 
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Jdeitkod  iffakA^f  ike  CeiUres  qf  Gramtu 

The  following  calculations  determine  the  situations  of  the 
centres  of  gravity  of  the  load- water  and  midship  sections^  and 
of  the  displacement  longitudinally  and  vertieaUyy  of  Hia  Ma- 
jesty's ship  Volage. 

Tb/wf  the  Cmhte  of  Oravity  of  the  Load-water  See^m. 

The  ordinatcfi  used  are  given  in  the  first  horizontal  Hoe  at  the  t^bl^  J^NS^ 
12  md  IS  i  the  cooimou  distance  between  them  is  5  feet. 
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85530,35  middle  moment. 
6857,82  after  momeut. 
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4,33  for«  moment. 


wtter  SMStioii, .  1624,61 )  92383  34(56,86 
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974766 


To  6nd  the  After  Moment. 
63,381  art-a  siliait  section  22. 
lAQ  o  f  tli'taiice  of  Its  centre  of 


gruvity  from  MCtkm  1. 


126762 

507043 

633810 


To  find  the  Fore  Momeut. 

6,18  aret  before  tection  I. 

^  .  r  distance  of  its  centre  of 
t  Sfttvi^  ^ntm  lectioa  1« 

—4,326  fort  moment. 


6857,8242  nfter  mooient. 


The  centre  of  gravity  of  the  load- water  section  is  thu^  found  to  he  56,86  ft. 
■bnft  seetimi  1 ,  or  1,15  feet  befon  the  middle  of  the  lenirtb  of  the  load*«rater 

line:  the  Joi!c;th  of  tlie  load-water  linr-  bcintj  measured  froui  the  aftef  piff  'of 
the  rnbhet  of  the  iternjMist  to  the  fore  part  of  the  jrahbefc  of  Lhe«tem« 
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To  find  iM  Centre  qf  Gravity  of  the  Midship  Sectioti. 

Tlic  t)rflinntps  ti<;pfl  m  the  following  calculation,  are  ^ren  ir\  the  last  ver- 
tical culuma  ul  the  tabic^         12  j  the  cummon  distance  betweeu  theiu  U 

1  flMlU 


1         Ilk  tA 

X 

A 

V 

Ik  All 

2..*.1G,06 

X 

1 

16,06 

3  ,.!r>,9r) 

X 

2 

31,90 

4.. 1 j,75 

X 

3 

47,25 

X 

4 

C>[,'J2 

6..,.14,yd 

X 

5 

74,90 
85^2 

7..,.U,2'i 

X 

G 

8**.* 13, IB 

X 

7 

92,26 

11,80 

X 

8 

94,40 

10..,. 10,05 
11....  7^6^ 

X 

9 

90,45 

X 

10 

79,60 

12..,.  4,45. 

X 

U 

59,1):') 
35,40 

la...,  2,9S 

12 

1..  0,00  4. .47,25  2..  16,06 
13..35,40                      7..  85,32 

—                    10,.  90,45  5..  61,92 

35.40   ^  6..  74,90 

223.02  8..  92,26 

2  9.-94,40 
11..79,(iO 


41f),04  I2..n!7,95 
H5  40 

1532',97  510,99 

 L.  3 


1532,97 


9)6043,23 

*  755,40  upper  moment. 
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To  fiuU  the  Moment' helow  the  Hofiaaotnl  OrdifUte  13. 

'.i,('t:>  area  hcluvv  itarizi>uLul  ordhiate  13. 

13,2  distance  of  ils  centre  of  gravity  ^elow  borizoDUl  omliii*te  13* 

726 
1089 
363 


iuwcr  mouicat. 

.  The  ili&tance  uf  the  centre  of  gravity  of  the  nudsliip  sectioo  below  thelcNMl- 
water  lineds  ilM»foMi4  to  tod^ieti. ,   
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«   •  a 

nfaidthe  Cenire of  Qntvitp  of  the  DUpkeemeM 

LongUutinalli/. 

Tb«  baU-are^s  of  the  vertical  tectioiw  lued  in  the  toUowiug  calculation  are 
ghren  in  htmttt  huriioiital  line  of  Iht  teUe,  pages  12  and  13  ;  the  common 
dutnncc  bctvMn  ibem  b  &  foot. 
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717730,60  middle  moment. 
27795,20  «fter  moment. 
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To  find  the  After  Moment. 

258,56  solid  abaft  section  22. 

107  5 1  ^^^'^'^^^  ^      centre  of 
'  from  section  I. 

12i^280 
180992 
258560 


To  find  the  Fore  Moment. 

52,81  solid  before  section  1. 

J  J  distance  of  its  centre  of 
*~    t  gravity  from  section  1* 


—36,967  fore  moment. 


27795200  aflcr  moment. 


The  sltastion  of  the  centre  of  grwiff  of  the  displacement  loiip:itiuIinallr» 

ii  thus  found  to  be  57,41  feet  abaft  section  I,  or  1,75  1>efure  the  middle  of  the 
length  of  the  load-water  line,  measured  as  before  mentioiu  d* 
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of  the  Load-nmter  and  Midah^  Seciions,  ^c,      1 77 

2b  faui  the  DUtance  oft  fie  Centre  of  Gravity  of  the  Duplaee- 
ment  Mow  the  Load-wuUr  Section. 

Th«  hair-area«;  of  tie  Iiorizontal  sections  used  io  the  foUowin^calciilatioBtt 
are  ^ven  in  the  hist  columu  of  the  ublc^  page  13  i  ihe  common  distaoM  Im- 
tween  them  is  1  foot. 
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Hair-uws  of  the  ktd-water  1  12984  07) 627 13,60(4,b29 
»«*"»n  /  5193948 


10774120 

10.387896 


25U6974 


12652660 
11686383 


..966277 


To  Find  the  Moment  below  Horizontal  Section  13. 

3Hi,4  <;olid  below  horizontal  section  13. 

12,75  distance  of  its  centre  of  {gravity  below  horii&ontal  section  13. 
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"The  distance  of  the  centre  of  gravity  of  the  displacemeat 

IbeloW  the  load-water  section  is  thus  found  to  be.  4^829  feet. 
Recapitulation  of  the  results  of  the  pmoeding  calculationsi  of 

the  different  elements  of  his  Majesty's  ship  Volage. 

Distance  of  the  centre  of  gravity  of  the  load- water  sec-^ 
tiou  beibre  the  middle  of  its  length,  measured  from  '  j 
the  after  part  of  the  rabbet  of  the  stempost  to  the  (  ' 
fore  part  of  the  rabbet  of  the  stem    -     -     -  - 

Distance  of  the  centime  of  gravity  of  the  midship  section  )    ^  ^ 
below  the  k)ad-water  line     -       *       -       •       -  3  * 

Distance  of  the  centre  of  gravity  of  the  displacement"! 
before  the  middle  of  the  length  of  the  load-water  sec-  >  1,7^ 
tion^  measured  as  before      -     -     -     -        ♦  "J 

Distahce  of  the  centre  of  gravity  of  the  displacennfint  ^  ^ 
below  the  load- water  section      -      -  *  i  * 


Art.  XII. — Ohsenrnticns  on  Hie  Forces  which  act  on  a  Ship 
when  in  Motion^  as  they  affect  tlie  Deviation  of  Im'  Course 
from  the  line  qfthe  Keek 

In  Articles  16  atod  29,  Vol.  IJ.»  the  laws  which  govern  the 
mutual  action  of  the  witld  and  Water  on  a  ship,  when  she  is  in 

motion,  have  betu  explainedy  principal])  as  they  atiect  licr 
equilibrium  t-ound  ia  vertical  or  an  horizuiilal  axis  of  rotation  ;  in 
order,  by  pointing  out  the  various  states  of  equilibrium  which 
result  between  the  action  of  the  wind  on  the  sailS|  and  the 
water  on  the  hull,  to  show  the  eifects  which  may  be  produced 
on  the  qualities  of  the  ship  by  modifications  in  these  equilibrio  % 
either  by  the  use  of  the  helm,  by  alterations  in  the  trim  of  the 
ship,  in  the  cjuantity  of  the  sail  set,  or  in  the  disposition  of  that 
quantity  y  that  in  the  various  changes  which  may  take  place  in 
the  state  of  the  wind  or  of  the  sea,  the  qualities  of  the  vessel 
may  either  experience  the  least  possible  injurious  effect,  or 
the  greatest  possible  degree  l>f  Bi^tieBt,  iiistoAltng  fts  the  tend- 
ency of  the  change  may  be  injurious  or  advantii^cuus.  In  pur- 
suiii^i^  this  train  of  reasoning,  it  has  also  been  the  endeavour  to 
explain  the  methods  by  which  the  principles  which  govern  the 
making  action  of  these  forces,  may ,  be  most  easily  applied  to 
such  observations  on  the  various  effects  which  may  Tcsultj  or 
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on  a  Ship  when  in  Motion,  i^c,  179 

the  phenomena  which  may  occur,  as  may  lead  to  correct  conclu- 
ftious  being  formed  of  the  powers  and  qualities  of  the  ship,  and  to 
tlie  best  means  of  rendering  those  qualities  most  easily  available. 
And  it  has  \yeen  shown,  that  by  means  of  observations  and  experi- 
ments made  according  to  the  principles  whicli  have  been  ad- 
vanced, the  commander  of  a  vessel  would  not  only  acquire  such  a 
knowledge  of  her  qualities,  that  he  would  be  enabled  to  derive  a 
maximum  of  advantage  from  them,  that  is,  as  far  as  the  means  in 
his  power  would  admit,  or,  in  other  words,  as  far  as  the  fitness  of 
the  proportions  and  positions  of  the  masts  and  yards,  or  the 
trim  of  the  vessel,  &c.  &c.  would  admit,  but,  he  could  also  obtain 
sufficient  data  to  enable  the  naval  architect  to  judge  cor- 
rectly of  the  ade(juacy  or  inadequacy  of  those  means,  to  the 
wants  or  ca|)acities  of  the  vessel ;  and  to  effect  such  alterations, 
if  necessary,  as  would  tend  to  improve  those  means,  and  still 
further  render  the  properties  of  the  vessel  available. 
.  It  is  evident  that  whatever  may  be  the  exigencies  of  the  ser- 
vice required  of  a  vessel,  there  must  always  be  some  maxinuim 
of  efficiency  with  reference  to  those  services,  which  is  to  \ye 
arrived  at  by  a  judicious  combination  of  the  powers  of  the  ves- 
sel with  the  means  which  call  them  into  action.  The  distin- 
guishing division  of  the  characteristics  of  the  qualities  required 
in  vessels  are  mainly  those  peculiar  to  burden,  and  those  pe- 
culiar to  velocity.  In  men-of-war,  in  almost  all  circumstances, 
it  is  a  combination  of  the  two,  which  is  the  desideratum:  and 
it  is  not  sufficient  that  a  vessel  should  be  only  capable  of  great 
velocity  in  direct  courses,  or  when  the  propelling  force  acts  in 
the  direction  of  the  keel,  for  it  is,  in  most  cases,  of  more 
importance  that  she  should  be  capable  of  great  velocity  when 
acted  upon  by  a  force  in  a  direction  oblique  to  her  length;  and, 
at  the  same  time,  that  the  deviation  of  her  course  from  this  line 
sliould  be  tl»e  least  possible.  •  "  "  -  •  •  -  "•I'tM  •  " 
^  The  principles  on  which  this  deviation  of  the  course  of  a  ship 
from  the  line  of  her  keel,  or  the  angle  of  lee-way  depends,  will 
now  l)e  explained;  and  the  causes  will  be  shown  which  occasion 
the  ac'tnal  results  of  observations  on  ships,  to  differ  from  tJie 
theoretic  principles  which  have  been  advanced  by  the  writers 
on  this  subject:  and  such  methods  will  \ye  siiggested,  for  making 
iui  thcT  o^jservations,  in  refereiicc  to  tl\es€  (jualities,  as  may  ba 
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desirable^  with  a  view  to  collect  data  to  supply  the  de&cieocies 
resuUing  to  the  theory,  from  the  imperfect  state  of  our  know- 
ledge respecting  the  resistances  of.  fluids,  particMiariyj  HBUMiy 
affect  the  obliqae  passage  of  a  ship  through  the  water.  { J  )l  imt 

Whatever  may  be  tlic  an^le  wliich  the  direction  of  the  wind 
niukr^  with  tlir  plane  of  the  aailj»,  the  (nilv  efir{u:ti\  c  iovvv  of  the 
wiad^u  the  sail,  is  that  part  of  the  whole  force  which  can  he 
resolved  into  a  direction  perpendicular  to  the  suffacfti^^tfae 
•ail ;  therefore,  whatever  may  be  the  whole  foroe  of  the  nfn^^ita 
effective  force  will  vary  as  the  sine  of  the  angle  which  khm  ikma 
tion  of  the  wind  makes  with  the  sail  :  and  as  the  vilocitv  of  the 
ship  ii»  in  }jiopoiitoa  Lo  the  effective  force  of  the  wind,  it  will 
alsoy  all. things  else  remaining  the  same,  vary  as  the  sine  of  this 
angle*  .  Now,  as,  when  the  ship  is  under  nniL  thn  dirncrwKlf 
its  motion  should  coincide  with  the  middle  line,  thit  iir^  wiiiiihr 
direction  of  the  keel,  as  the  plane  of  resistance  is  leas  whcn^^ie 
bhij3  moves  ill  th.it  diicctiou  than  it  when  thi'  hue  of  motion 
cuts  the  ship  ubh4Utly,  all  that  part  of  the  force  of  the  wind 
which  acts  in  any  other  direction  than  that  of  the  keel,  must 
be  disadvantageous  to  her  progress,  as  tending  to  foreet  JmNm 
direction  in  which  she  will  meet  with  an  ittereaaed  eei^Kalte 
lirom  the  water.  From  what  has  been  said  alKMPe,  this  injurious 
tendency  uiu&l  necessarily  occur  in  every  circuni^taijcu  of  the 
action  uf  the  wind  on  the  baiU  oi  a  ^hip,  excepting  in  tliat  und^ 
which  the  trim  of  jthe  sai!^  is  at  right  angles  to  the  middle  line 
of  the  ship,  as.  under  all  other  circumstances  the  Smt^M  4iB 
wind  on  the  sail  may  be  resolved  into. two,  both  of  »«hichi«te  ' 
have  effect  on  the  ship,  the  one  acting  perpendicular,  and  the  ^ 
other  parallel,  to  the  middle  line  :  or,  if  we  suppose  AW  Fi^»  49, 
to  be  the  middle  line  oi  a  bliip,  and  CD  tlie  direction  of  tUeyaxd, 
making  ^vith  AB,  the. angle  DEB,  less  tlian  a  right  angle;  and 
suppose  FE  to  represent  the  quantity  and  directioaof  ihe  feneiB 
ei  the  wind;  from  £  and  F  draw  EG  perpendicular^  landt'fftx 
parallel  to  DC;  and  fromG  drawGH  perpendicular  to  Ali;  then 
GK  will  represent  tin  eU.'ctive  luice  of  the  wind  on  the  sail, 
and  Gil  and  HE  wiii  be  respectively  equal  lo  the  parts  of  that 
force  employed  in  propelling  the  vessel  in  a  lateral ; audi  in 'Jt 
dinect  course.  If  CD,  the  direction  qf  the  yard,  wef».pe#|NMi  > 
dieular  to  AB,  the  line  of  the  kee]^  the  leterel  effvti  «f dUie. 
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winAf  or  the  farce  GH,  wonld  be  lost,  and  have  no  effect  on  the 
ship ;  but  when  CD  is  oblique  to  AB^  whatever  may  be  the 
jjjaisilii  j)*:(Sff  4iiecticm  of  the  foree  FE  of  the  witid  with  leapeet 

toAB,  it  wM^be' resolved  into  tsvo  forces,  Ijoth  of  which' will  he. 
effective  on  the  ^^iiip.  As  lone?  a«  l)l^i>,  the  angle  turuicil  l>v 
tbe^  4kection  of  tiie  yard  with  the  Vum  oi  ihc  keei^  remains  the 
Mia%;^ttt  compIemfeDt,  the  angle  GKH,  will  remain  the  same,  and 
M  WMiis  s  right  aogl^  the  triangle  OEH  will  remain  similar 
fdimHtl  eiiii  the  proportion  between  GH  and  HB  will  lie  in- 
Variable,  and,  therefore,  the  effort  to  cause  the  delation  of  the 
course  from  the  line  oF  (he  keel,  or  the  action  of  thr  h>rrc  (ill* 
will  be  in  invariahie  proportion  to  the  force  acting  to  propel  the 
lat  Une^  or  the  force  HB;  and,  as  we  know  from 
m  before  said,  that  the  forces  GH  and  HE  must  be 
respectively  equal  to,  and  opposed  by,  the  lateral  and  direiet 
resi^stiinces  of  the  water  actiner  in  the  directions  HG  and  EH, 
the  motion  of  the  ship  mii.-jt  be  aloisu"  --oiiu'  lir.o  ^'^f,  -^iich  that 
the  equihbriuia  between  these  forces  may  l»e  maintained.  This 
ipililsc^pMctple  on  which  the  deviation  of  the  course  of  the  ship 
of  the  direction  of  the  keel  depends. 
t^eflecNway  is  determined  as  follows  ;~Siippose  the 
diiLct  and  lateral  resistances  of  the  water  to  the  passage  of  the 
vessel  to  l>e  respectively  il  and  r,  and  the  surfaces  re^ptH  tively 
c^pposed  to  these  resistances  to  be  d  and  e,  and  the  angle  DEB, 
which  the  sail  makes  with  the  hne  of  the  keel  to  he  C}  then  if 
Ice*  way  be  supposed  to  be  »f  we  have 


^" '   ^    R  1  r  ; ;  J.  CO*.     ;  e,  sin.  "a; 

R^d,  cos,  

r""e.  sin,  '^x~e,  tm»  *S 

e.  tan, 


(1 

or,  tan,         cotan.  c, 
•  e 


tan 


-co/. 
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Fiiow  this  equation,  akoy  it  appears  that  the  angle  of  lee-way 
'dftiMiids  whoUjr  OQ  the  angle  of  ioeltaalioa  o£  sftil  to  the 
line  of  the  kcel^  without  inhiiy  my  invalmg  the  vehicitjr  of 
the  diip  I  and  moat  writers  on  Navat  Atchiteeteie-  hawFe  itf  4hit  - 

manner  considered  the  question  of  the  ef]uilibiium  which  exists 
liietween  the  force  of  the  wind,  and  of  the  resistance  of  the 
.Mrater  in  producing  this  angle.  Bouguer  has  cakalated  an 
elhbocata  table  of  the  angiea  of  lee»way  fot  mione  chMhi  «l 
alupa,  for  the  several  diegrcea  of  ineltnatios  of  tfa»  'aaBlMkh» 
keel,  from  SO*'  to  90^;  but  the  resfolts  whirkhe  hM  oMhUni 
differ  essentially  from  those  derived  from  obeervalion  on  the 
eistual  performances  of  vessels. 

According  t»  the  theory  which  has  been  eKplainedy  9SbA 
whieh  Boligtter  founded  hb  ealculetiont^  the  lee»fiey  dei* 
pendi  eolely  on  the  angle  fanned  by  the  yaid  and  the  ketl^ 
and  is  uninfluenced  by  any  other  cause,  and  therefore  ia 
neither  affected  })y  the  anc^le  which  the  dii  ectioii  of  the  wind 
snakes  with  the  sail,  or  by  the  velocity  of  the  vessel  ^  but  ikis  is 
cMtie^  to  the  feets  elicited  by  the  elcpeiienee  of  the  asunl 
motion  of  a  al^  under  aail.  FVem  the  geometrieal  eenttme^ 
lien  whieh  has  been  fi^iven,  it  ia  evident  that  whetem  may  be 
the  force  or  the  direction  of  thewiiul,  the  pioportion  which  GH 
bears  to  HE  will  increase  as  the  angle  DEB  diminishes,  and  so 
far  the  theory  agrees  with  experience^  but  it  ia  well  known  to  ali 
whahave  obabcvediiie  notion  of  a  vwel  tfaemq^h  the  wnleff^ 
that,  without  atty^aheratraii  in  the  direetlon  of  the  mSoA  uMi 
the  keel,  the  lee-way  varies  with  every  variation  in  the  velocity 
of  the  Vessel  ^  and  also  from  the  same  cause,  the  alteration 
in  the  velocity,  if,  all  things  else  remaining  the  same,  the  an^le 
formed  by  the  direction  of  the  wind  with  the  keel  be  altered, 
the  angle  of  lee-way  will  alao  experience  an  alteration ;  in  fact, 
so  greatly  does  the  angle  of  lee-tey  depend  on  the  velocity  of 
the  ship,  that  in  the  same  vessel  under  similar  circumstanees  of 
bracinp^  of  yards  and  direction  of  vviiid  with  the  keel,  with  only 
the  variation  of  a  difference  in  the  force  of  the  wind,  the 
quantity  of  lee-way  will  vary  from  that  which  occurs  by  the 
ship  almost  drifting  in  the  direction  of  the  sine  of  the  angle  of 
incidence- of  the  direction  of  the  wind  on  the  sail^  to  that  which 
would  exist  if  her  course  almost  coincided  with  the  line 
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her  keel,  or  to  a  (]nantity  which,  in  practice,  would  evidently  be 
scarcely  observable. 

There  is  some  difficulty  in  accounting  for  this  difference  be- 
tween the  results  of  theory  and  the  facts  of  experience ;  it  de- 
pends in  a  great  measure  on  the  imperfection  of  our  knowledge 
respecting  the  laws  of  the  motion  of  bodies  in  fluids,  so  that  we 
are  miable  to  estimate  the  circumstances  of  the  resistance  of 
the  water  on  the  bows  and  on  the  side  of  the  ship.  The  results 
of  the  theory  of  resistances,  when  appHed  to  oblique  impulses, 
vary  very  consideral)ly  from  the  actual  resistances  as  observed 
by  experiment,  more  especially  as  the  angles  of  incidence  be- 
come more  acute,  this  discrepancy  affects  the  lateral  resistance, 
or  the  resistance  on  the  broad-side,  more  than  the  direct,  or 
that  experienced  by  the  bows  of  the  vessel,  and  therefore  has  a 
corresponding  influence  in  causing  the  actual  lee-way  of  a  ship 
to  differ  from  the  theoretic  result.  But  this  is  one  of  those 
difficulties  arising  from  the  imperfect  state  of  the  theory  of 
resistances,  which  may  be  classed  among  those  which  were 
referred  to  in  the  early  part  of  these  observations,  as  requiring 
*^  only  to  be  fully  known  and  understood,  to  be,  if  not  absolutely  . 
theoretically  solved,  at  least  from  the  collection  of  facts,  from 
^periment,  and  from  analogy,  so  far  overcome,  as  to  leave 
nothing  to  be  desired."  The  course  of  these  remarks  will  tend 
to  show  the  possibility  of  this.  Professor  Robison  in  his  ex-, 
cellent  Treatise  on  Seamanship,  speaking  of  the  results  deduced 
by  Bouguer  savs,  "  that  the  person  who  should  direct  the 
operations  on  ship-board  in  conformity  to  the  maxims  deducible 
from  M.  Bouguer's  propositions,  would  be  baffled  in  most  of  his 
attempts,  and  be  in  danger  of  losing  his  ship.  The  whole' 
proceeds  on  the  supposed  truth  of  that  theory,  which  states  the 
impulse  of  a  fluid  to  be  in  the  proportion  of  the  square  of  the  sine 
of  the  angle  of  incidence,  and  that  its  action  on  any  small  portion, 
such  as  a  square  foot  of  the  sails  or  hull,  is  the  same  as  if  that 
portion  were  detached  from  the  rest,  and  were  exposed  single 

and  alone,  to  the  wind  and  water  in  the  same  angle."  *  *  *  ♦ 

.  .      .         *  • 

"  But  let  it  be  observed,  that  the  theory  is  defective  in  one 

point  only  5  and  although  this  is  a  most  important  point,  and 
the  errors  in  it  destroy  the  conclusions  on  the  general  propo- 
sitions, the  reasonings  remain  in  full  force,  and  the  tmdus  opt^ 
randi  such  as  is  stated  in  the  theory." 

• 

f 
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.  There  is  another  cause  existing  to  occasion  the  deviation 
which  is  obscrvahle  in  the  practical  results  of  the  lee-way  of  a 
ship  from  the  conclusions  of  theory,  which  arises  from  the 
theory's  not  embracing  the  whole  of  the  circumstances  attend- 
ant on  a  vessers  motion  throue;h  tlie  water.  By  recurring  to 
the  explanation  which  has  been  given  of  these  circumstances, 
in  a  previous  portion  of  this  paper,  some  further  elucidation  may 
be  afforded  to  the  unsatisfactory  result  of  the  theorv.  When 
motion  is  communicated  to  a  vessel  from  a  state  of  rest,  or 
from  a  lesser  degree  of  motion,  the  eflfort  of  the  wind  on  the 
sails  is  greater  than  that  of  the  water  on  the  hull,  whether  to 
propel  the  vessel  in  the  direction  HE  of  the  keel,  or  laterally, 
in  the  direction  GH,  and  the  velocity  of  the  vessel  in  each  of 
these  directions,  is  accelerated  by  the  excess  of  the  force  of  the 
wind  over  the  resistance  of  the  water,  until,  ultimately,  by  the 
•  diminution  in  the  relative  velocity  of  the  wind,  and  the  increase 
of  the  relative  velocity  of  the  water,  an  equili])rium  ensues  be- 
tween the  propelling  and  the  resisting  forces,  and  the  vessel  con- 
tinues to  move  in  the  direction  of  the  last  acting  force,  and  with 
the  last  accjuired  velocity.  Now  the  resistances  of  the  water  in 
the  direction  EH  and  HG  increase  as  the  squares  of  the  veloci- 
ties, and  from  the  nature  of  the  form  of  a  vessel,  and  from  the 
comparative  direct  and  lateral  resisting  areas,  the  resistance  aris- 
ing from  form  or  area,  is  much  smaller  in  a  direct  than  in  a 
lateral  direction,  and  therefore  the  equilibrium  between  the  forces 
which  act  laterally,  may  ensue  before  that  between  the  forces 
which  act  directly;  in  which  case  the  lateral  motion  of  the 
vessel  will  become  uniform  before  the  direct  motion,  and  conse- 
quently the  ultimate  course  of  the  vessel,  when  all  the  forces 
have  arrived  at  a  state  of  ecjuilibrium,  will  approximate  with 
that  of  the  last  acting  force,  that  is,  will  more  nearly  coincide 
with  the  direction  of  the  keel ;  and  the  angle  of  lee -way  will  be 
diminished.  As  ihis  reasoning  depends  on  the  intensity  gf  the 
force  of  the  wind,  the  effect  will  vary  as  the  cause ;  and  the 
greater  the  force  of  the  wind,  and  consequently  the  velocity  of 
the  ship,  the  greater  must  be  the  diminution  of  the  angle  of 
lee-way  ;  that  is,  the  angle  of  lee^way  will  vary  inversely  as  the 
sine  of  the  angle  of  incidence  of  the  wind  on  the  sail.  f 
Rommc,  in  his  Trail d  du  Nuvire,  differs  from  the  opinions 
advanced  by  Bougucr,  and  though  his  reasoning  on  this  subject 
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is  for  fit>in  clear,  hh  opinioiis  aire  valuable^  as  he  founds  the  con- 
dinioiis  at  which  he  arrives,  that  the  lee^way  yaries  inversely 
aMlh»  s^aare  of  the  velocity, '  and  that  it  increases  with  the 

obliqiiUv  of  t!ip  sails  to  the  keel,  jjriiu  ijKill \  (tii  (tl)servati()ns  iu\d 
ex|ieiiaiei)ts  oa  the  actual  performances  ot  vessels,  aiui  these 
are  the  only  means  by  which,  as  yet,  we  can  hope  to  arrive  at 
tiOiiKhHiiWi  of  this  problem.   However,  much  further  ohser- 
wMliiMiii-tteoessary  to  afford  sufficient  data  on  which  to  found 
an  approJcfmAtidn'  to  the  lee- way  whtch  a  vessel  makes :  the 
general  facts  which  'mlliKnce  it  aiijji-ur  to  be, — the  greater  or 
lesser  angle  of  incidence  of  the  wind  ou  the  sail,  as  the  velocity 
<^  fehe^ll^ is  dependent  on  this; — ^the  angle  of  the  inclination 
of ^tHiHtAils  with  the  keel : — ^the  force  of  the  vessel  as  it  aflbcta 
tlHe-Mlkj^^of  the  direct  and  lateral  resistances; — the  form  of 
the  vessel  as  it  affects  the  velocity; — the  stability,  as  it  att'ects 
the  lateral  resistance  5 — the  c^uantity  of  sail  set,  and  the  state  of 
the  J^ca.       ••       '  . 
-/jitedistaiiee  which  a  ship  falls  to  lee«ward  of  her  course .  in 
any  ^mxi  ttme,  may  generally  be  very  easily  ascertained,  and 
lit  liilll J  Hot  be  a  task  of  any  great  difficulty  to  form  tables, 
from  actual  observation,  for  ships,  under  all  the  vaiiuus  cir- 
cuuibtances  which  have  been  sshow  11  to  affect  the  deviation  of 
their  course,  from  the  line  of  direction  of  the  keel.    Ln  the. 
open  sea,  the  quantity  of  lee-way  made  in  any  certain  time  may. 
he  eanly  ascertained,  by  measuring  the  ang^e  which  the  ship'a 
wake  makes  with  the  line  of  the  keel,  then  if  the  distance  run* 
during  the  time  for  which  the  Ice-way  is  to  be  observed  be 
ascertained,  as  that  distance  is  measured   along  the  line, 
of  lee-way,  the  distance  run  in  any  period  of  time,  will  be. 
to  the  distance  which  the  ship  has  fallen  to  .lee»ward  of  hw* 
course  during  that  time,  as  radius  to  the  sine  of  the  angle  of. 
lee-way.   When  a  ship  is  in  sight  of  land,  the  angle  which  the 
direction  of  the  keel  makes  with  the  line  of  lee-way,  may  be 
more  correctly  observed  by  means  of  a  fixed  object  on  the 
shore,  whenever  the  state  of  the  wind  and  sea  may  render  an : 
estimation  of  the  lee* way  desirable^  that  is,  whenever  the  wind 
is  sniBciently  steady,  as,  of  course,  it  is  supposed  that  the  angle 
formed  by  the  direction  of  the  wind  with  the  line  of  the  keel, 
ill  r^m^iiu  constant  during  the  whole  time  fpr  which  the  di^«- 
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Umet  Mkn  to  lec-ward  Is  to  be  oMflftfthied.  II,  when  lift 
aiiili  h  either  appreMhIng  er  lettving  the  ehoffe,  her  head  be 
eenslsntly  hefrt  to  the  tame  fwint  of  the  oomiMWi,  the  thip*! 

course  will  be  along  the  line  of  lee-way,  and,  as  all  thitigs 
are  supposed  ro  i  einain  constant  during  the  time  of  the  obser* 
Tation,  this  line  will  form  a  constant  angle  with  the  line  of  th# 
kee^  and  therefore  Ihe  point  in  the  ahore,  which  will  be  hi  the 
■sne.bewring  firom  the  ship  as  the  line  of  leeMin^'will  riMihr 
in  that  hearing  during  the  whole  thne  in  which  the  MpMm 
approaches  to  or  recedes  from  the  shore,  consequently,  if  when 
a  ship  either  approaches  to  or  recedes  from  a  shore,  a  point  be 
observed  whieh  has  a  constant  bearing  from  the  ship,  itfuaetbe  in 
the  Aieotlon  of  the  line  of  the  lee-way ;  and  therefore'  lha  <h|||p 
which  it  make*  with  the  direetion  of  the  keel  will  he  iHi'^iliitr 
«eet  angle  of  lee*way ;  and  then  as  before,  if  the  dislanhMllMIr 
any  time  be  taken  as  the  radius,  the  distance  which  the  ship 
has  fallen  to  lee-ward  of  her  course  in  that  time,  will  be  equal 
to  the  shie  of  the  aagte  of  lee-way  to  a  radius  equal  to  the  dis- 
tMwe  ma  hf  the  veaeel  in  the  time  assumed.  m«>v^: 
.  The  actual  qnoiuilty  gained  to  windward  in  auy  ghwh  tlM' 
may  also  be  easily  ascertained.   The  motion  of  the  vessel' 
through  the  water  may  be  considered  in  four  directions,  and 
the  velocity  with  which  it  advances  in  either  of  these  direc- 
tions ascertained.   The  actual  veloeity  of  the  ship,  or  tha 
velocity  along  the  Hue  of  lee*way^  which  may  ha  callad  thu 
obliqae  velocity^  may  be  resohred  into  two,  the  direct  wilei» 
eity,  or  that  estimated  in  the  direetion  of  the  keel,  and  th^ 
lateral  velocity,  or  that  which  is  \n  a  direction  at  right  angle.s  to 
the  line  of  the  keel ;  and  cotemporaneous  with  these  is  the 
velocity  with  which  the  ship  gains  to  windward.  Let  AB,  fig.  5% 
be.  the  dhreetion  of  the  line  of  the  keel  of  the  vessel,  and  BP 
tha  diiaetion  of  the  yard^  cutting  the  direetion  of  the  keel' 
oMiquely.  Then  whatever  may  he  the  direetloa  of  the  wind  GH, 
the  course  of  the  vessel  will  be  along  some  line  HK,  forming  an 
angle  KHB  with  the  liireetioii  of  the  keel  5  then  suppose  HK  on 
the  line  of  leeway  to  represent  the  velocity  of  the  ship  in  that 
direotiony  from  K  draw  KL  peipeadioular  to  HB,  and  eucting- 
liB-in  L;  then  the  velocity  HK  is  equal  to  tha  two  veletfltici^^ 
HL and  LK}  and  HL  and  LK  wUI  represeiit  respectiviJy  the 
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#Ui9ie  velocity  HK I  wkl  if  fitmi  ibe  i»oiiito  H  «i4  HM  be 
}imm\  perp^ndMhutf  m4  KM  panilifil  to  the  diieetion  of  tbt 

wind  Gil,  -MK  \\  ill  represent  ihc  velocity  w  itii  whu  lj  the  ^liip  lias 
gained  to  wiiidwdid,  iit  tiie  time  in  whicli  &Iie  has  lit-bcnbeti  lUf 
ipice  HK.  For  tlie  origin  of  the  wmd  being  suppo»^  M^J>I^.'M 
MiiwIlwN/^Kitneft  from  the  vesael,  «t       »  iMffpfnt 
'^kmUlm^  GU)  the  directioQ  of  the  wiiid^  U  way  he  iiupposM 
pifiMili'^o -the  origin  of  the  wind;  and  as  tk^  an^le  GHK 
is  less  than  the  nn^le  (iHM,  the  line  HK  is     iiliiti  line 
HM;  and  theretore  the  paiut  K  is  nearer  the  ungiii  oi  ih^ 
Hittd  ibin  the  point  H,  by  a  (juautity  eqMl4  tq  tl)e>^rpeivr 
diMlMt  dlrtaiwe  HM,  of  the  point  K,  imn  th«^  Mm  iiMl 
m  tfeajsliii)  has  gained  the  di«tance  MK  tq  windwavdi  4o 
running  hmm  H  to        It  is  evident  that  if  HM  eokieided 
with  IIK,  the  ship  would  neither  have  giiiut'il  la  vviudwMifl 
ot  fallen  to  iee-wartl ;  and  that  if  HM  fell  within  HK,  the  s>Uip 
nMMiave  fallen  to  lee-ward.    When  U^e  diiitance  HK  ryii  by 
liMrwiMli'aloQf  the  line  of  lee*way»  an4the  angle  0lWB->}f$f 
KHL,  aaa  kiMiwB,  the  value  of  KM  may  Im  eaiiijf  detftoiiii^ 
{■^  •ince  the  ancles  GHF,  FHL,  and  LHK,  are  all  ktHiw% 
and  the  \n\o.  Alll      iliawa  pci  pcuiiicukir  l<i  HG,  thtii  fonijjk— 
menty  the  aiigle  MHK,  is  known;  therefore  as  HMK  is»  a  right 
mg^^\  HK  is  toliMaa  radius  is  to  the  sine  of  the  angle  KHjifii. 
iaidKMri»  Htft  ahM  of  the  angle  KUM,  to  a  radiM  eqvd  t^H^ 
dMtMamrjhQr  thevetsel  in  the  apace  af  time  in  whi^b  lAfV 
94quired  distance  to  windward,  KM,  was  tQ  be  gidnedar  The 

onlv  difficulties  in  the  praelical  s( tint ioii  of  this  piopoMtion  aie, 
to  deteifiiine  the  direcliun  Hi\i,  or  tiie  perpenclieulai  to  lid  iltc 

dy-enlipii  of  thto  wmdf  and  the  value  of  th@  angle  GHF :  for  when 
llllmilil^ii  |fttination4  wilew  the  direetions  ef  the  wind  A»d 
tMMM  el  Ae  vMtl  eoincide,  that  ia,  vmlest  the  vM«il;.i9: 
before  the  wind ;  the  direction  of  the  wind  a«  abown?  by  the 

vaiiti  on  boiUil  will  not  be  its  true  diie(  (ion  ;  lui,  Iroiu  the  velocity 
of  tlie  passage  of  the  vessel  tiirougii  the  air,  the  vane  ib  bub 
jeiiMht»4i'>iam  acting  upon  it  in  a  direction  oppo«^  Io  jUmI: 

el»lhe«Miieef}tlMveaMtt  theciect  of  wbieh  maybe  eeiiri<iei«Ml) 
tlMNBiiiallthevaiie  waa  al  rM»  and  wa«  aeted  upon  by  aemraaet ' 

of  aii  having  a  vebcity  equal  le  th»t  of  the  vemi,  but         in  ipi 
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opfMsite  difeetkm ;  coiMeqUeiiUy^  theirane'is  aeted  iipmi  liy  two 
Ibreesy  the  oMft  Itf  the  i^d  dirciction  of  the 

velocity  equal  to  the  velocity  of  the  wind  in  that  direction  5  and 
the  other  acliiii^  in  ii  (hrec  tion  opposed  to  that  of  ihc  course  of 
the  vessel,  with  a  velocity  equal  to  that  of  the  vessel  in  its  course ; 
flUdl  tliiibe<|ueliUy  the  dtreetion  of  the  viane  will  be  the  diUgMMlf 
tHiilMdlelegraai  of  these  two  forces^  it  is  therefore  MiiiMlM^ 
hlltl^ngs  else  remuniiig  the  same,  the  greater  th^^rrftfrtlysif 
tlie- vessel,  the  more  will  the  direction  of  the  wind  as  shown  by 
the  vane,  or  the  apparent  wind,  deviate  from  tlie  actual  direction 
of  the  Windsor  the  true  wind;  and  as  this  devii^oai  MseMMtt 

Hie'iietkHi'  of  *  force  in  si  direction  opposed  to  the  :wilMMf 
tkm  fmtni^r  ^  4ctrag  from  the  fore  part  of  tfae  'mert^MiWi 
the  dller  ]):u  t,  the  apparent  direction  of  the  wthd^^vHI^ 'in  all 

cases,  head  the  vessel  uuirc  tiiaii  the  true  wind,  and  consequently 
the  vessel  will  always  appear  to  lie  nearer  the  wind  thao-^&liA 
actually  does.  *  .  *^ 

''IIm  «Me  dhrecUon  of  the  wind  may  be  fotind  if  ihu 
and  direction  of  the  vessel  be  known,  and  also  the 
direction  of  the  apparent  wind,  as  the  corresponding  velocity  and 
direction  of  the  true  wind,  will  form  t  he  third  sidt^  of  a  triangle, 
of  which  the  three  sides  will  be  to  each  other  as  the  tlire^ 
velodlfies ;  and  m  two  of  these  are  known,  and  inclnde^a  JolilHi 
aiigle^  Ihwt'fiom^  by  the* direction  of  the  npiimini  'il1ildl|itfc 
ttoeduMof  the  vessel^  the  third  side,  or  the  difc^uiiifilfcii 
Vid^ity  of  the  true  wind,  may  be  easilv  found.    Jiut  as  there  is 
a  dilUcuUy  iti  aseertaiiiinc;  the  veloeit\  of  the  apparent  wiiid^ 
the  most  easy  way  of  determining  the  direction  of  the  true  wind, 
wtU  be  by  observing  the  arc  through  which^  the  ehip'iXiii^ 
passes -from  close  hauled  on  one  tack,  to  dose  hafaled'i<iil^ilit 
opposite  tack ;  the  bisection  of  this  arc  willy  idf  things^'eliifei 
remaining  the  same,  give  the  direction  of  the  true  \nn<l, 
as  the  course  of  the  vessel  in  relation  to  the  direction  o£» 
the  wind  will  be  the  same  on  eitlier  tack.    Or,  tiv .directions 
ol  Ihe  apparem  wind  may  be  observed  both  hefiM?«Nl4Aih 
liitiag,  and  the  (rae  wind  will  be  the  middle^ oim  bsftwii«Ai^ 
taw^dlMeilOni^  as  the  «aitse  of  the  deviation  «f  the  ^dvrse^oil«4lf 

the  vane  from  tliiit  of  ihe  true  v.iiid.  or  the  veloeir\-  of  the  ve««^l^ 

wM  b&e([ual  on  each  tack  ^  and  wiicn  tiie  iiii;4M;tiou  vf  thiTi  trim 
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wind  is  kiio\Mi,  all  the  other  parts  of  the  triangle  may  !je  founil, 
as  the  direction  and  veiocity  of  the  ship  are  known,  aud  aUo  the 
angle  made  by  the  apparent  wind  with  that  ditcetioa.  - 
'"  *  ^ws>wty  of  the  tcwel  be^gvcater  on  oiie  taah  IIMm 

oiiMte  ether,  it  will  be  neoemry,  in'  ordar  to  decenptne  the 
direction  of  the  true  wind,  to  divide  the  angle  described  by  the 
vane  when  tlie  ship  is  tiicked,  into  two  so^nieiits,  which  shall  be 
to  I'ach  other  in  the  inverse  ratio  oi  the  velocities  of  (he  vessel 
a»B<fca»tlwhae4iieont  t^the  iegaiente>  - 
*\^Ni0kman  Neiiil  Ajrehiteetuve  aad-bn  SeaiiMUMhip^  appear ^to 
ImilAii^thaiiiait  of  the  angle  which  ie  4bra(iefM>y  the  ^Hftee- 
tion  of  the  wind  with  the  line  of  tlie  keel  when  a  ship  is  close*' 
hauled,  at  6  deg^rees.  This  exceeds  the  angle  which  the  writer 
%f.  tto  Allele  has  repeatedly  observed  by  the  means  which  have 
hUMiiiiiwili  I li^  as  hdng  formed  hy  the*^vectioii«r  4he«M 
jiliiliaaef  the  keel,,  op.  boaid  tiie  Acorn,  one  of  •  the  cop^ 
iMtfM^a^fhe '  experimental  squadron  of  the  year  lSt7.  ^  The 
following  table  will  show  the  resuiu  of  some  of  tiie  observations 
then  made. 


Number  of  PoinU 


19 
9 
9 


10 


etiltffthaWIM*. 


II 


Light  airs. 
X^gliia^n:- 

i  it  .fy 

Moderate. 
Very  fresh. 


md  and  thifd^heetvations  in  this  table  i»ef«iiiadi^M* 
lyf-their  ^comoftnessi  r^i     ftirthtr  ^onftmiiiiott^ 
iltanice  'that'  ivhen  the  Acorn  wai  'on  the  lar^ 

board  tack,  with  her  head  W.  bv  S.  i  S.,  the  Columbine/ 
another  coi  vette  of  the  5qt!a(h-oii,  was  on  the  Acorn's  beam, 
y^mg  about  81^  by  ^.  on  the  starboard  tack  ;  she  must  therefore 
tiN*4MiiMly^gtwnea^tiil$>w$nd  as'the  Actfr^^^  rHie  wind  urto 
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angle  of  Ice-way  as  oUerved  by  \ke  wake  was  7  degrees,  it  it 
4tMbU  tkai  timtlir  otmhntknm  ahovid  be  made  for  dl  dasm 
of  ahipa;  tke  wdHoiMiiMt  of  M%fnii<  te^  tlMivld  ha 

aiice  may  be  uiade  for  their  influence.  *  ^■•^itn 

We  have  seen  that  the  veiocity  of  the  ship  dt  peiids  on  the 
oi  tkm  wind ;  wfHm  on  naval  at  chitecttire  have 
t4iii»c«4  vmMi  opittions  m  to  tlM  pniciieaUi  itnil  to  tht 
vdocity  of  a  ship,  in  compariatw  with  llwl  of  Ite  Bon* 
goer  awdtafiHiio  IO'|Mw  tlM  UM/foM^  •  tet*aoiliiigiliip 
is,  when  going  uearly  before  tKe  wiml,  about  t  of  tlw?  velocity 
.  of  tlie  wind ;  and  that  merchant  ships  seldom  attain  to  more 
tbm  i  of  its  velo(i|]r»  bill  km  ooBtidm  it  not  iai|xwiible  tlMft 
IriiWIwi  <Hny  »i>wbO'  nl  e  inkmkf  about  tqpnl  Id  ^ 
tfMStiot^.wmid  Jhn  ivm  abjecta  to  tkmgm/n  Wmk  w  tetf 
raatvietted ;  be  oorroboratto  tbe  optoiotn  he  a^fafoo  hf  Ifco 
results  which  he  ha«  deduced  from  experimeiit  and  observation 
uu  tlie  actual  |)ertbi-B;^ance«  of  tiliip« ;  be  6a}-8,  that  iast-saUing 
veateUacquhe  a  velocity  nearly  equal  to  tliat  of  tbe  mmdf'  mma 
when  going  bcfofo  tlio  wind*  1\ic .  ncamt  appTOXiiHMtoO  <t^ 
th^•^^1«kMrfty  #fatch  he  dbmv^  Ms  «a  to  td;  ^  M^n^ 
cDiielnsion-  -9^  wbieK  he  nmves,  is,  tbat  when  the  course  of  tJw 
filiijj  and  th«  direction  of  the  wind  nearf\'  coincide,  the  veiocity 
o|  the  alu^  is  from  j.  to  ^  of  that  of  tba  wind. 

But  in  oblique  oooraeS)  k  is  very  possible  for  the  vessel  t^ 
acquire  a  vdlocity  even  greater  than-  that  of  ibe  wind  j  if  wb 
vjMt  tlie  e^j^isions  of  Don  luan  to  be  corieet,  the  teasoU 
oir  sMi^^ill  oflpear  evident  on  viery  slfj^t  consideration.  ^Iie 
velocity  with  which  the  wind  acts  on  the  saik  after  the  ship  has 
acquired  uiotiou  is  only  its  relative  velocity,  that  is,  the  excess 
of  its  actual  velocity  above  the  velocity  which  tbe  ship  has 
4|e^uiiod  m  the  di»ectio«  of  the  mmA$  wlm  lha  iiiCidans 
of  llw  wMandof  tiwMttna4>f  theifttaKlcoiMi^ 
velociUr  of  the  wind  in  only  the  dilferenee  between  the  actual 
velocities  of  the  wiiul  and  ot  the  vessel,  !)ut  when  the  course  of 
the  vessel  is  ol^lique  to  that  of  the  wind,  tbe  relative  velocity  of 
tbe  wiiul  is  the  difference  between  tlte  nqlaal  vt loeiljr  <af  the 
m^iaiMl4ha!|  pactaf  the  veteiiyof«tii^  vessel  li^idi^eaa  ha 
i)tP!llTf44|ithedi9»cti<»0fl^  RaMiDi^iilliisT#Miaa 
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on  Seamanship,  says,  that  when  the  sails  are  square  to  the  keel, 
aiid  tiie  wind  right  ait,  the  slup's  velocity  is  in  direct  propor- 
tion to  the  relative  velocity,  and  to  the  square  root  of  the 
surftice  of  the  suls :  therefore,  he  says,  ''In  order  to  increase 
the  relative  velocity  by  an  increase  of  sail  only,  we  must  make 
this  increase  of  sail  in  the  duplicate  pruportion  of  the  increu&e 
of  velocity.** 

When  the  sails  are  oblique  to  the  keel,  he  says,  the  veloci^ 
of  tbaalMik  it i^M^nwlHU  to  va^Vt^^l  liMtl^diNMlf » 

the  velocity  of  lht         dimtly  ee  tlM»  skm  of  the  ahsolute 

inclination  of  the  wind  to  the  yard,  and  directly  as  the  square 
root  of  the  surface  of  the  sails  this  agrees  with  the  conclusions 
that  have  been  already  drawn;  and  it  is  evident^  that  the, 
▼ejocity  of  the  wind  remaining  the  e|mf^  aid  Iha  aipf  96  the  , 
angle  of  inclination  of  the  wind  to  the  yard  jplwcialng  tf|«ld  411 
the  radius,  or,  if  the  whole  force  of  tlie  wind  act  in  a  directioQ 
perpendicular  to  the  yard,  the  vcloc  iLy  of  the  ship  will  depend 
on  the  area  of  the  sails  set,  and  may  therefore  even,  theoretically 
speaki^gi  be  iiicreiVB^  without  liinit% 

From  all  the  conclusions  i^hi^h  hivn  been  deduced  in  the 
course  of  these  remarks,  on  the  mutual  action  of  the  wind  qid 
vMer  on  a  ship,  it  appeats  ^Vtdetat  that  die  degree  of  perfection 
in  the  perfoi^mniiee  of  a  ship,  whether  With  reference  to  her 
motion  round  an  axis  of  rotation,  or  to  her  course  through  the 
water,  depends  very  greatly  oh  the  suitableness  o/.  the  dispo- 
silMl  «Rd  prdjiMMrtlittt  of  the  suU  in  refierenc^  to.  the  fofm  ot 
the  vessel;  that  there  should  be  an  analogy. t^twetn  ihfse 
eletMent9  i«  evidleht,  AAd  \(Hpefient:«  and  reason  alike  show  that 
the  more  nearly  the  rig  of  a  ship  is  suited  to  the  qualities  of 
her  form,  the  more  nearly  do  her  performances  approach  to 
perfection*  Vessels  which  from  the  prpponiblis  and  form  of 
theur  bodies  are  capable  of  lying  ne&r  l!fae  wfnd,  aAd  Ukatfttain- 
ing  a  weatherly  course,  caimol  evidently  aviiil  theioMselves  of 
these  advantages  unless  their  rig  is  adapted  to  such  qualities; 
while  vessels  of  wliich  the  fonn  and  proportions  are  not  so  per- 
fect, with  reference  to  performance  in  oblique  coarses,  by  hav- 
ing  a  rig  peculiarly  adapted  to  such,  may  even  be  unable  to 
acquire  their,  maximum  jof  advantage  in  direct  ooursfes*  The; 
limits  to  which 'these  con^derations  may  bec^rri^ipd  the  » 
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eonnexion  between  the  form  and  proportions  of  ships,  and.  the 
various  species  of  rig,  Mrill  form  the  subject  of  a  future  article* 

Art.  yUlL-^Aecomit  of  the  EitabUshmeni  of  Officers  i»  the 
Royal  Dock  Yaarde  of  France.  (FhrniheAnmakcMariHrnes,) 

Ordmmtee  ^  tke  King,  eciaklkkmg  ^  OrgaaUaHmi^  the 
Royal  Carps  qfNmml  JBngfkmrs. 

Paris,  the         Mnvrh ,  \KM). 

GiiAftiJ»>  by  the  Grace  of  God,  King  of  Francb  amd  op 
Navabei ; 

On  the  report  of  our  Minister  Secretary  of  State  for  the 

Marine  and  Colonies, 

WE  BAVB  ORDAINBD,  AND  ORDAIN,  AS  FOLLOWS 

CLAUSE  I. 

qf  the  FarmtUkmi^  the  Royal  Corps  of  NaiiMtl^^ 

{QMe  MarUkm.) 

Art*  1.  The  engineers  charged  with  the  direction  of  the 
building  of  our  vessels,  and  of  the  works  connected  with  this 
service,  shall  compose  the  corps  of  naval  engineers* 

This  corps  shall  bear  the  title  of  "  Royal,"  and  the  officers 
belongitig  to  it  shall  enjoy  all  the  prerogatives  and  advantages  . 
attached  to  this  title. 

2.  The  Koyal  Corps  of  Naval  Engineers  shall  consifBt  of  the  , 
following 

1  Inspector  General, 
5  Directors  of"  Naval  Constructions, 
10  Engineers  of  the  1st  class, 
1 2  Engineers  of  the  2nd  class, 
\t  Sub-Engineers  of  the  1st  class, 
12  Sub-Engineers  of  the  2nd  class, 
5  Sub^Engineers  of  the  drd  class* 

57 

And  of  a  nunU^er  of  cadets,  to  be  regulated  according  to  the 
demands  of  the  service. 
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Of  the  Acknisekm  and  Intintetum  qf  the  CadeU  of  the 

NawUEn^neen. 

3.  The  cadets  of  the  naral  engpineers  shall  be  taken  from 
among  those  students  of  the  Polytechnic  School  who  shall  have 

been  declared  worthy  of  admission  into  the  public  services, 
and  according  to  the  regulations  established  in  that  school  for 
the  final  examination  of  the  students. 

They  shall  pursue  for  two  years,  at  the  port  of  jUorienty  un- 
der the  direction  of  an  engineer  of  the  1st  or  the  2nd  class,  to 
be  nominated  by  our  Minister  of  Marine,  a  complete  course  of 
the  application  of  theory  to  naval  ai cliitccture. 

They  shall  also  be  exercised  in  making  drawings  of  ships  of  - 
war,  and  in  the  details  of  their  masting,  sails^  fittings,  and 
equipment* 

"  In  the  calculations  of  displacement,  of  stability,  of  the  cen- 
tres of  gravity,  and  of  sail,  and  all  others  relative  to  the  theory 

of  naval  architecture. 

In  the  study  of  steam  and  other  engines,  which  may  be  of 
useful  application,  whetlier  in  tlie  arsenals,  or  on  board  ships  of 
war. 

In  designing  ornamental  work^  and  in  drawing  in  water- 
colours. 

In  the  study  of  the  English  laii^^uagc. 

They  shall  be  frequently  taken  to  the  docks  and  workshops 
of  the  arsenal,  that  they  may  ac(}uire  a  knowledge  of  tlie  vari- 
ous processes  followed  in  the  building  of  ships  of  war,  and  in 
the  preparing  of  the  various  objects  necessary  for  their  equip- 
ment. 

TUcy  may  also,  having  the  permission  of  the  Prefect  of  Ma- 
rine, and  being  accompanied  by  the  engineer  charged  with  the 
direction  of  their  studies,  visit  the  principal  manufacturing  es- 
tablishments which  may  exist  in  the  neighbourhood  of  Iiorient, 
in  order  that  they  may  acquire  a  knowledge  of  the  various 
processes  which  are  carried  on  in  them. 

More  detailed  diiecLious,  fur  regulating  the  studies  and  em- 

VOJL.  III.  O 
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ployment  of  the  cadets,  will  be  eventaally  approved  by  our  Mi- 
nister for  the  Marine  and  Colonies. 

4.  At  the  ex  [/nut  ion  of  a  course  of  two  years*  ^tu(l  \  ^  the  ca- 
dets wiii  be  subjcctid  to  au  examination  in  the  various  branches 
of  instn^tion  whieh  they  shall  have  received.  Tho«e  who  bhall 
pass  through  the  examination  \n  a  cneditable  manner,  and  phall 
be  4^^^^  ^y  V^9  examiners  to  he  <}ualifie^,  will,  imm^j^^y 
recieivf  the  appointment  of  sub-engineers  of  the  ^rd  cism  |  their 
seniority  in  this  rank  wiii  be  d^teymjiied  i^ccurdyig  tp  re- 
sultb  ut  ^he  examination. 

Those  cadets  who  shall  not  Iiave  been  considered  as  suffi- 
ciently^ qual|fi,fd,  will  h^  permitted  to  continue  the{ir  stud:^  fbr 
a  thit^  year  J  at  the  expiration  of  which  period  thiEiy  ^ 
finally  rejected,  unless  they  have  hecpi^^  possesse$(  of  ^ti  qua- 
lifications which  are  required. 

The  Prefect  ui  Marine  shall  picbiile  over  the  commission  ap- 
pointed for  the  examinations,  wl\icb  shall  be  composed  of  the 
Director  of  Naval  Constructions,  the  Director  of  Hydn^uHc 
constructions,  of  an  officer  of  the  naval  en^neers^  and  idf  a 
ptofessor  of  mathematics. 

The  examination  shall  be  public. 

5.  The  <M)^ineer  charged  with  the  iiihti  uction  of  the  cadets, 
shall  himself  write  the  course  of  the  theory  of  naval  arc^^c* 
ture,  and  of  mechanics  applied  to  the  arts,  which  they  aft  to 
read. 

He  may  also  participate  in  the  direction  of  the  works  c^rjiiig 
on  in  naval  construction , 

He  shall  iuivvaid  :l  report  every  three  months  to  the  Prefect 
of  Mnrine,  on  the  conduct  and  on  the  progress  of  the  oadi^; 
anrl  he  shall  ako  propose  to  him  such  measures  as  he  may  eon- 
sider  would  contribute  to  perfecting  the  studijes^  with  tUft  dlteer 
tion  of  which  he  is  entrusted. 


CLAUSE  IJI. 

(if  U^i  F%onwim^(mfi^tdk$M 

6-  The  sub-eugiucers  of  the  3rd  class  shall  be  |jroniul<^d  i*/ 
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the  rdnk  of  sub-engineers  of  the  2nd  ciass^  by  semonty,  and 
according  as  vacaneteB  may  occur  in  this  latter  rank* 

The  sub-eogineen  of  the  2nd  cIms  ahall  be  promotad  to  the 
rank  of  sub-engineecs  of  the  Itt  elMy  ta  the  proportiofl  of  One- 
foof th  from  aelectaon,  and  three-^fbutths  from  teniority. 

'I'hc  eiigiaeers  the  2n(l  ela&s  shall  be  made  from  the  sub- 
ctigiiieers  of  the  isi  da^s,  in  the  proportion  of  one^third  from 
selection,  and  two-tliirds  from  seniority. 

nt  reofineers  of  the  ist  elaia  ahali  in  the  ome  nuHMcr  be 
ttrtkfe.'lfoili  Ihe  engineers  of  the  2ild  daM^  in  the  proportkm  of 
one-third  from  selection,  and  two-tliirds  from  seniority. 

The  directors  of  naval  construction  shall  be  nominated  by 
selection,  from  aiiioiig  the  engineer^)  of  the  Itt  class. 

The  Impeetor  General  of  naval  e^ilaeefa  ihall  he  diosen 
fmmwOlMg  the  direetort  of  Mval  coiiBtniotion# 

7^  iV.aAeer*  of  naval  engltieera  eaimot  be  ^romoledl  to  a 
higher  rarlk^  €>r  to  a  stfperior  class,  ivtthoiit  having  previously 
served  for  least  three  years  in  the  rank  or  class  immediately 
inferior. 

8*  The  sub-engineers  of  tlie  2iid  ehm  caimot  be  promoted 
to  the  Isl  Uai8  until  Ihej  shall  have  made  a  voyaga  of  at  ItaiC 
ooe  year 

The  sub-engineers  of  the  1  st  class  must  also  pass  a  similar 
period  at  sea,  previous  to  being  promoted  to  the  rank  of  en- 
giueerB  of  tlie  second  class. 

Notwithstanding  thisy  the  hrat  yew  o(  service  at  sea  miay  be 
perSwmed  by  •ttl>*enghieer8  of  the  third  dase,  Wh#  shall  haute 
already  completed  three  years'  service  in  this  rank  hi  anyel  the 
arsenals  of  the  kingdom. 

They  may  then  coiiiplcte  the  second  year  of  sea  service, 
which  is  required  according  to  the  above  regulation,  when  they 
become  sub-engineers  either  in  the  second  or  first  elass* 

The  oitetri>  of  naval  eaginecra  are  restrkledr  hy  th^  picseiit 
artick  to  performing  the  sea  service  herein  menttoaed^  either  on 
board  a  line-of-battle  ship  or  a  frigate. 

9.  The  sub-tiigincers  embarked  on  ship-board,  in  fulfilment 
of  tlie  condition  of  the  above  article^  will  particularly  direct  their 
observations > 

Oil  the  details  of  the  stowage,  and  the  gsierateqaipaMitr 

o  2 


Digitized  by  Google 


1 96    AccomU  qf  Officers  m  the  Dock  Yai*ds  q/  France* 

Oa  the  arrangement  and  the  effect  of  the  mechanical  means 
employed  in  moving  the  top- masts,  top-gaUant-mast^  aad 
yards^  and  also  in  furling  and  unftiriing  the  aaiU, 

On  the  method  of  working  the  anchors. 

On  the  effects  which  the  shock  of  the  waves,  and  the  motions 
of  pitching  and  rolliiigj  have  on  the  combination  of  tlie  various 
parts  of  the  structure^  and  generally,  on  every  subject  relative  to 
naval  construction. 

Whenever  they  may  have  opportunities  of  visiting  the  shipa 
of  war,  or  the  arsenals  of  foreign  nations,  they  shall  carefully 
examine  them,  and  obtain  the  best  information  in  their  power 
on  every  thing  whicli  may  appear  to  them  worthy  of  imitation, 
either  in  our  arsenals  or  on  board  our  ships. 

They  shall  keep  watch  on  deck  with  the  most  experienced 
officer  on  board,  having  charge  of  a  watch.   They  shall  attend, 
.  under  thi  orders  of  the  second  captain,  to  all  the  works  which 
may  he  «cecnted  on  board,  whether  to  the  ship  or  to  the  masting. 

At  the  expiration  of  their  voyage  they  shall  make  a  detailed 
report  of  the  results  of  their  observations. 
.  .  10.  Excepting  in  cases  where  the  exigencies  of  the  service  in 
the  arsenals  will  not  admit  of  it,  an  engineer  of  the  1st  or  2nd 
class  shall  be  embarked  in  each  squadron  and  in  each  division 
under  the  command  of  an  admiral  {officier  general) . 

This  engineer  shall  fulfil  the  duties  detailed  in  Clause  XII.  of 
the  ordinance  of  the  3 1st  October,  1827,  on  the  naval  service. 

11.  In  each  of  the  five  principal  naval  arsenals,  the  senior 
engineer  of  the  first  class  attached  to  the  arsenal  shall  (ill  the 
situation  of  sub^director.  He  shall  act  for  the  Director  of 
Naval  Construction  in  all  cases  of  absence,  and  shall  be  espe- 
cially responsible  for  tomptrolling  the  accoujits. 

He  shall,  notwithstanding,  continue  to  fuitil  the  duties  at- 
,  tachcd  to  his  rank  as  engineer. 

12.  The  Directors  of  Naval  Construction  shall  fulfil  the  du- 
ties appointed  to  ihein  by  the  ordinance  of  the  17tli  of  De« 
cember,  1S28,  on  the  seivice  of  the  arsenals. 

13.  The  Inspector  Geuerai  of  Naval  Engineers  shall  reside  at 
Paris. 

He  shall  correspond  with  the  Directors  of  Naval  Construc- 
tion employed  in  the  five  principal  arsenals,  and  with  the  officers 


Digitized  by  Google 


Account  of  Officers  in  tlic  Dock  Yards     Framm*  197 


of  naval  engineers  who  arc  charged  with  similar  duties  in  the 
secondary  arsenals. 

He  shall  be  consulted  on  the  stationing  of  the  officers  of 
naval  engineers  of  all  ranks,  on  their  embarkation  on  board 
iresselsy  on  their  promotion  in  the  eases  which  are  guided  by  se* 
lection,  and  on  their  being  permitted  to  retire  on  pensions. 

He  shall  give  his  opinion  on  all  plans  for  ships  of  war  of  ail  . 
classes,  and  of  the  different  accessory  machinery ;  and  also  on 
all  professional  qi^tions,  and  on  the  prices  and  schemes  of 
work  which  shall  be  laid  before  him« 

He  shall,  on  receiving  directions  from  the  Minister  of  Ma- 
rine, inspect  the  arsenals^  to  assure  himself  of  the  state  of  per- 
fection of  the  various  works. 

He  shall  establish  and  maintain  strict  uniformity  in  the  me- 
thod  of  executing  works  of  a  similar  nature  in  all  the  arsenals, 
and  shall  endeavour  to  introduce  into  all  the  departments  of 
naval  construction,  the  knowledge  and  the  practice  of  all  new 
processes  tending  to  the  improvement  of  the  mecbanicdl  arts, 
and  to  economy  of  materials  or  of  workmanship. 

In  fact  he  shall  promote,  by  every  means  in  his  power,  the 
improvement  of  naval  architecture. 

At  the  end  of  every  year  be  shall  submit  to  the  Minister  of 
Marine  a  report  on  all  the  branches  of  the  service  which  are 
under  Ids  direction. 


CLAUSE  IV, 

On  the  4iipointmmt»  and  other  AUowanees. 

14.  The  i^pointments  of  the  officers  of  the  Royal  Corps  of 
Naval  Engineers  shall  be  regulated  as  follows 

Flrsiicit 

Inspector  General  (including  the  expense  of  lodging 

and  table  money)     -       -       -       -       -       -  15,000 

Directoiii  of  Naval  Construction,  at  Brest,  Toulon,  and 

Rochfort  8,000 

Ditto,  at  Cherbourg  and  Lorient   -      -      -      -  7,000 

Engineers  of  the  1st  class     •      •      -      -      *  5,000 
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\  Supplemenlihr  allowiinces  shall  be  made  to  the  eAeera 

herein-after  m^'titioned,  in  lltc  lollovviug  in;iiiiu'r  ! 
1  lo  tiie  engineer  charged  witii  tlie  iiistructiou  of 

the  cadets   1,000  fir* 

To  eaoh  of  the  engineers  of  the  let  cUas,  in  the 
five  pHnoipal  arsenals,  who  fills  the  office  of  iub« 
director      -------  400  fr. 

'  15.  officers  of  the  Naval  Enu'nieers  when  employed  at 
sea,  n  reive  durini^  the  period  (d  tliat  K  ivice,  a  supplement- 
ary allowance  e(jual  to  one  fourtli  ot  their  hxed  appointments. 

16*  The  Directors  of  Naval  Construction  in  the  five  piiaoipal 
arsenals,  and  the  engineers  charged  with  the  seme  doliee  in 
the  secondary  arsenals,  shall  continue  to  be  allowed  the  eflee 
expenses  which  are  fixed  hy  the  regulations. 

The  ene^ineers  and  suh-ctnjineers  tinploved  in  tlio  several 
arsenals,  shall  have  at\  allowauce  oi  200  ir,  j^er  annum  lor 
office  expenses^ 

This  allowance  shall  only  be  made  to  officers  ecliiaU|r 
ployed  at  the  arsenals. 


CLAUSE  V. 

Of  the  Conijparaiive  Hank,  and  Ufti/brm, 

17«  The  rank  of  the  officers  of  Naval  Engineers,  In  dtk- 
parison  with  that  of  the  Royal  Navy  and  of  the  corps  ofUkfti 
Administration,  k  fixed  as  follows  : 


Francs. 


Engineers  of  the  '2ii(l  class 
Suh-engineers  oi  tlie  ist  class 
Suh-engineers  of  the  2nd  class  • 
Sub^engineers  of  the  drd  elais  ^ 
Cadets  


2,400 
2,000 
l,dOO 
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Olficers  of  the  Naval 
Engineers. 

OAecrs  of  the  Navy. 

Officers  of  Naval 
Aiiministratloii* 

Inspector  General  .... 
Director  of  Naval  Con- 

Eogmeer  1st  class  •••• 
Bogineer  2iid  dats 

ouD*JiiiigiuccrSf  iSb  Class 
Do*        do.  MdMi 

Do.         do.  Srd  class 

4  , 

After   the  Rear-Admi- 
rals, and  before  the 
PiMt Captains  (Capi- 
taine  de  yaissetm) 

Commander  (Osipf*  tie 
Mate  {enseigne 

Commisniy  Gentrtl 

Commissary  of  the  Navy 

ft 

Do.        4o.  SndfclAss 
Principal  Clcika 

1 8.  The  uniform  of  the  officers  of  the  naval  engineers  shall 
be  as  follows : 

The  dress  uniform  shall  consist  of  a  cloth  coat  of  royal  blue 
{bk&'de  rm)i  Waistcoat  and  breeches  of  white  cloth :  it  shall 
be  worn  with  a  white  stocky  shoes  mth  buckles^  and  dress 
hat. 

The  coat  shall  be  turned  back  vnth  scarlet  cloth  ;  and  buttoned 
close  on  the  breast,  with  nine  large  unilorm  buttons ;  the  collar 
and  cuffs  shall  be  of  black  velret ;  the  collar  to  stand  up^  and 
the  eufb  to  be  ent  tound^  o^n  at  the  utider  part^  to  button  with 
three  soiiiU  utiifonn  bnttcins* 

The  pockets  shall  be  in  the  folds  of  fhe  riditi 

The  turning  back  shall  be  united  at  each  side  by  an  anchor 
with  a  crown,  in  which  is  a  Jlem^  de  lis. 

The  waistcoat  shall  be  without  embroidery ;  it  shall  button 
tftiaight  on  the  breast,  with  sereri  small  nniforlh  buttons ;  the 
breeches  shall  be  worn  moderately  tight 

The  uniform  buttons  shall  be  of  gilt  metal ;  the  ftfrger  size 
shall  have  the  device  of  an  anchor  with  a  cable,  and  surrounded 
by  the  motto  "  Corps  Royal  du  Genie  Maritime"  The  smaller 
buttons  shall  have  the  anchor  without  the  motto. 

The  hat  shall  be  plain^  without  tassels.  The  loop  shall  be 
of  gold  fastened  by  a  button  similar  to  those  on  the  coat* 
The  hat  of  the  Inspector  General^  and  also  those  of  the  Directors 
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of  Naval  ConstruetioiiSy  shall  be  ornamented  with  a  inrnoAWmk 

feather,  which  shall  be  fasteucd  to  tlie  hmer  part  of  th€^  iU£i]^ 
lug  back  of  ihv  hat. 

The  shoe-buekies  and  those  ot  the  knee-baiul*^,  ftbaU  be  uf 
g^k|„  or  of  silver  gilt,  and  similar  in  pattern  to  (hoie  ttlMt^ 
^0  corps  of  Naval  Administration.  .  /  ^   . .  i  •« 

The  sword  ^pll  be  of  the  pattern  at  present  in  nse  Cot  Ibe^ 
ollkers  of  the  Royal  Navy:  the  sword-knot  shall  be  of  gold 
bullion  for  supiMior  oHiccrs,  to  the  rank  of  engineer  of  the 
2ud  class  inclusive;  and  of  gold  fringe  for  the  oliicers  ol^akrioCi 
rank.  ' 

The  belt  shall  be  narrow,  and  plain  for  all-ranks,  ' 

Undresi  Utuform,  ^  '^ 

The  undress  uniform  shall  consist  of  a  coat  of  'M)f|[|^l|& 

cloth,  sliort  in  the  skirts :  waistcoat  and  pantaloons  of  bUie 
clotli,  luid  black  boots.  '  •'^i 

The  coat  shall  have  a  stain  I -up  coHar  and  round  cutis,  open 
^  at  the  under  ])art,  the  whole  of  black  velvet)  it  shall  be  without 

fscings,  and  shall  batton  on  the  breast ;  the  pockets  liMtt^Mnn 
the  folds  of  the  skirto*  ^     'vu>v  r 

Marki  di»imguiaimg  ihe  Bank.,     :  '  -^/^^ 

The  rank  of  the  officers  of  Naval  En^neers  shall  be^istin- 

guislic  d  as  will  be  cxplaiiuMl,  1)\  cinbi  uidcry  oi  gol<l  of  certain-^ 
hxcd  patterns.    The  embroidt  j)  iur  each  rank  shall  cutdoiia  iiij 
size  and  i|uantity  to  that  for  the  corresponding ^rank; in. ijMt 
corps  of  Naval  Administration.  v  .,f  r 


Jfupecior  GeneraL  \ 

Full  dresi*   A  double  row  of  embroidery  on  the  collar  and 

cuffs  ;  and  a  single  row  round  the  coai  and  on  Uie  ,tiiiiiii|^s. 
back,  ciiilji uidered  at  the  Nvai>t.  • 
Ludrtss,    To  be  similar  to  the  dress  coat,  with  t^^  ,e|;e^- 
tion  of  the  embroidery  on  the  front  and  on  the  skirts.  ^,  f 

Director  of  Naval  Comh  uvlion.      '    '■'  '^'■^ 

FhU  dteu,   Bmbroidery  and  ornamented  edging  on  tji£.i^-^ 
lar  and  cnffs;  embroiderv  oiily  round  the  coat,  embroidma  al 
thewwrt.  .  '•  -.-..^Ctv^. 
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Undreu,  To  be  similar  to  the  dress  coat^  exoeptiog  the 
embroidery  round  the  coat* 

Engineer  of  the  let  Claee. 

Full  drees*  Embroidery  on  the  collar  and  on  the  cuffs ;  and 
edging  on  the  iront  and  on  the  turnings  back,  embioidefed  at 
the  waist. 

Undrtee,   To  be  similar  to  the  dress  coat,  excepting  the 

edging  on  the  front  aiid  turningii  back ;  and  no  embroidery  at 
the  waist. 

Engineer  of  the  2nd  Clan. 
FkiU  dre99»  Embnndery  on  the  collar  and  cufb,  and  em- 

broidery  at  the  waist. 

Undress*  Similar  to  the  dress  coat,  and  uo  embroidery  at 
the  waist. 

Stib-Engmeet     the  let  dm. 

Full  dress.    Embroidery  on  the  collar  and  cuffs  only. 
Undress,   Embroidery  on  the  collar  only,  the  culls  plain* 

Sub'Engmeer  of  the  2nd  Class* 

FuU  drees.  Embroidery  on  the  coBar,  and  a  plain  edging  on 
the  cuffs. 

Undress,    Embroidery  on  the  collar  only. 

Sub-Engineer  of  the  3rd  Ciaes* 

A  narrow  embroidery  on  the  collar  only. 

Cadet. 

A  plain  edging  round  the  collar  and  cuffs* 


CLAUSK  VI. 

# 

Ten^wrar^  Reguiatione, 

1 9t  Those  officers  of  Naval  Engineers  who  held  ranks  which 
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4uive  been  either  suppressed,  or  of  which  the  denominations  01*6 
changed  by  the  prasenl  ordinance,  shall  be  classed  as  ifbUows : 

Hie  assistant  inspector  shall  retain  the  title  nnder  which  he 
has  hitherto  fulfilled  the  duties  of  his  office.  ' 

The  sub-directors  of  iS aval  Coiistriietiou  shall  take  tlie  title 
of  engineers  of  the  first  class,  and  shall  be  placed  at  the  head 
of  the  list  of  the  ofiicers  of  that  rank. 

The  engineers  of  the  third  chiss  shall  take  the  title  t^f 
gineen  of  the  aecond  elass^  and  shall  he  placed  bel6w  the  officers 
who  at  present  hold  that  rank. 

The  cadets  already  admitted  shall  bear  the  rank  of  sub- 
engineers  of  the  third  class. 

In  this  first  formation,  the  classing  of  the  oihceis  on  the  list 
of  the  corps,  shall  be  regulated  according  to  (he  rank  which 
e«ch  officer  at  present  holds  on  that  list* 

20.  Promotion  shall  only  take  place  in  the  corps  of  Naval 
Engineers  in  the  proportion  of  one  half  the  vacancies,  until 
the  corps  shall  be  reduced  to  the  effective  establishment  hxed 
by  the  2nd  Article  of  the  present  ordinance. 

21 .  The  sea  service  mentioned  in  Article  8,  shaU  not  be  re- 
quired of  those  sub-engineers  of  the  first  class  who  at  present 
form  a  part  of  the  corps  of  Na?al  Ea^neers. 

22.  Our  Minister  for  the  Marine  and  colonies,  shall  deter- 
mine each  year  on  the  number  of  officers  of  the  Naval  Engineers 
to  be  employed  in  the  purveying  timber  for  building* 

The  officers  employed  on  this  service  In  the  interior  of  the 
kingdom^  shall  continue  to  enjoy  the  same  supplementary  allow- 
ances, travelling  expenses,  and  leaveof  ahaenee,  ae  hitherto. 


CLAUSB  VII* 

Of  the  AifitiaiUs  to  the  Naval  Engineen. 

23.  Persons  under  the  denomination  of  assistants  to  the 
Naval  Engineers  {a djuinl 6  du  (/enlt  r/iantime),  sha\\  be  employed 
in  carrying  on  the  works  and  operations  subordinate  to  the 
service  of  the  arsenals :  they  may  act  for  the  englaeeta  and  sub- 
engineeia  In  the  receipt  of  materials  or  stores* 
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24.  These  assistants  shall  be  twelve  in  number,  and  fvmteA 
into  three  classes* 

They  shall  be  attached  to  the  aneiiali  In  the  following  pro- 


portion i 

Brest  S 

Toulon  ^ 

Rochefort  •      •      •      •      •  3 

Lorient  2 

Cherbourg  .2 

12 


25*  The  appointments  of  the  assistants  shall  be  regulated  as 

follows : 

fr.  per  auu. 

1st  class  2,400 

2nd  class     ......  2,000 

3rd  class     .       .       .       .       .  1,600 

26.  Dating  from  the  year  1831,  until  the  total  number  fixed 
by  Art.  24  shall  be  completed,  three  assistants  of  the  third 
class  shall  be  nominated  yearly. 

These  assistants  shall  be  nominated  by  examination,  and  our 
Minister  Secretary  of  State  for  the  Marine,  shall  decide  on  the 
ports  at  which  these  examinations  shall  take  place. 

27«  The  candidates  for  the  situation  of  assistants  of  the  third 
clasa^  must  be  at  least  twenty-five  and  under  thirty  years  of 
age;  must  have  been  employed  during  five  years  as  petty  officers 
io  die  arsenals  or  on  board  ships  of  war ;  must  produce  cer- 
tificates of  good  conduct  from  the  officers  under  whoise  orders 
they  have  served  :  must  be  able  to  write  legibly  and  correctly ; 
must  know  arithmetic  and  the  elements  of  geometry,  including  * 
the  solids ;  must  be  able  to  copy  plans  of  ships,  and  trace  and 
draw  machinery,  and  be  acquainted  with  the  quality  of  the 
various  materials  employed  in  naval  constructions. 

28.  The  candidates  shall  be  examined  by  a  commission  con- 
sisting of : 

A  Major  General  of  Marine,  as  president;  two  officers  of  the 
Naval  Engineers,  and  of  the  Professor  of  Hydrography. 

The  Inspector  or  a  Sub-inspector  of  Marine  sliall  assist  at 
this  examination,  of  which  notes  shall  be  taken. 

29*  These  aaeistantaeamiot  be  promoted  to  a  higlier  diss  till 


Digiiized  by  Google 


« 


204   Account  of  Officers  in  the  Dock  Yards  of  France, 

after  having  served  a  period  of  four  years  at  least  in  the  class 
immediately  below. 

'Die  promotion  of  the  assistants  of  the  third  class  shall  be 
proposed  to  the  Minister  of  Maiine,  by  the  council  of  ad- 
ministration of  the  principal  maritime  stations. 

The  assistants  of  the  second  class  who  merit  promotion  to 
the  first  class,  shall  be  nominated  by  the  Inspector  General. 

30.  These  assistants  shall  be  suliordinate  to  the  officers  of 
Naval  Engineers,  and  they  shall  assimilate  for  rank  and  retiring 
pension,  as  follows : 

Those  in  the  first  and  second  classes,  with  the  principal  clerks 
of  the  marine,  and  those  in  the  third  class  with  the  inferior 
clerks. 

31.  The  uniform  of  the  assistants  of  Naval  Engineers,  shall 
resemble  the  undress  uniform  of  the  Engineers,  but  the  collar 
only  of  the  coat  shall  be  of  black  velvet,  and  ornamented  with  a 
fleur  de  lis  in  gold.  The  buttons  shall  be  gilt  metal  bearing  the 
device  of  an  anchor,  with  the  motto  Constructions  Novates;  the 
small  buttons  shall  bear  the  anchor  without  the  motto.  They 
shall  wear  a  sword  according  to  the  regulated  pattern. 

32.  Our  Minister  Secretary  of  State  for  the  Marine  and 
Colonies,  is  charged  with  the  execution  of  the  present  ordi- 
nance. ' 

We  ordek  anj>  command  the  Admiral  of  France,  the  Pre- 
fects of  Marine,  the  General  and  Superior  officers  of  our  Royal 
Corps  of  Marine,  and  all  others  whom  it  may  concern,  to  aid 
and  assist  in  the  execution  of  this  present  ordinance. 

Given  at  Paris,  in  our  Palace  of  the  Tuileries,  this  28th  day 
of  the  month  of  March,  in  the  year  of  grace  1830,  and  of  our 
reign  the  sixth. 

By  the  King.  Chart  ES. 

The  Minister  Secretary  of  State  for  the 

Marine  and  Colonies, 

j 

'    Signed  Bauos  D'Haussez. 
Louis-Antoine,  son  of  France,  Dauphin,  Admiral 
OF  France; 

We  have  seen  the  above  ordinance  which  is  addressed  to  us  5 
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Wk  order  and  command  the  Prefects  of  Marine,  the  civil 
and  military  officers  of  Marine,  and  all  others  whom  it  may 
eonccrn,  to  aid  and  assist  in  the  execution  of  this  present 
ordinance. 

Given  at  Paris,  the  4Lh  April,  1830. 

Signed  Louis-Aktoins, 

By  the  Dauphin,  Si^fued  The  Chevalier  j>s  Panat, 

.»i     . .     .  .  . 


Art,  XIV. — Notice  of  au  EjcpLanation  of  a  correct  method 
of  Admeasurmy  Skijjs,for  ascerla  'ndng  their  Tonnage,  with 
three  Examples  of  its  application  to  Vessels  in  the  Coal 
Trader  by  mmamParmm,  kdeqt  the  Sekoai  qf  Nwal 
ArehUedurt,  Pcrimtmth. 

This  excdleot  little  pamphlet  explains  very  clearly  the  cor- 
rect method  of  determining  a  ship's  tonnage.  By  the  tonnage 
is  understood,  the  quantity  of  lading,  in  tons,  a  ship  is  capable 
of  carrying;  which  can  be  accurately  determined  by  calculating 
the  difference  between  the  dispiacementi  when  completely 
laden^  and  the  displacement  when  every  thing  is  on  board  ex- 
cept the  lading.  See  Articles  Xill.  XXIIL  and  XXIX.  in 
VoK  L  of  this  work. 

/  Our  object  in  noticing  this  little  work  is,  not  to  consider  its 
applicability  to  the  measurement  of  colliers,  the  propriety  of 
which  the  author  insists  on  with  considerable  ability,  but  to 
show  the  correctness  of  its  principle,  and  the  propriety  of  its 
general  use«  :  ^ 

The  want  of  a  correct  method  of  measuring  the  lading  of 
merchant  ships  is  continually  experienced  in  levying  dues  in 
proportion  to  their  tonnage ;  its  use  in  comparing  the  magni- 
tude of  ships  of  war  is  of  much  less  importance.  The  incorrect 
method  at  present  in  use  is  injurious  in  two  respects ;  the  fraud 
constantly  practised  in  building  merchant-ships  to  carry  much 
more  than  their  nominal  tonnage ;  and  the  effect  which  this 
object,  ill  tlieir  construction,  has  in  prevcntini;;  thcii  being  built 
of  such  dimensions  and  form  as  to  possess  the  essential  quaii- 


ties  of  good  ships.  The  elements  of  the  present  rule  are  the 
length  and  breadth  of  a  ship,  the  depth  and  form  not  entering 
into  it^  half  the  breadth  being  subslituted  for  the  depth  in  the 
ealealation.  ^^This  method  of  measuring  the  tonnage  is  evi- 
dently erroneous ;  for  if  two  vesseU  are  of  the  aame  lengthy 
have  the  same  rake  in  their  stems  and  sternposts,  but  the 
l)readth  of  one  is  dmible  the  breadth  of  the  other,  then  the 
broadest  wiU  measure  four  times  as  much  as  the  narrow  ooc ; 
whereas  it  ought  to  measure  only  twice  as  much.  The  draught 
of  water  being  omitted  in  the  rule^the  practice  of  increasing 
the  depth  has  become  general,  by  which  means  the  vessels  are 
capable  of  carrying  a  greater  burden  without  increasing  tiie 
register  tonnage.**  The  author  also  shows  the  exror  of  neg- 
ketiiig  the  ionsk  ia  the  preaeut  rule  for  tonna^* 

Mr.  Parsons  gives  an  ingenious  expIaaatiiMi  of  it^  fKobftble 
origin*  ^*  The  origin  of  this  rule,  in  the  absence  of  autbcatic 
information  on  the  subject,  may  be  traced  in  the  following 
manner.  It  is  well  known  that  any  body  ik>ating  in  a  fluid  dis- 
places a  volume  of  that  fluid,  the  weight  of  which  volume  is 
equal  to  the  whole  weight  of  the  floating  body.  Thus,  a  ship 
ioatnig  ift  water  diaplftees  a  vokmie  of  waiter  which  i»  eqfuai  in 
w«ighl  to  the  wiiole  wdght  of  the^  ship^  nnd  every  tking  mi 
board.  This  di^lacemenfc  of  a  shify  or  the  whole  weight  of 
the  stoi-cs,  cargo,  and  every  Uiiiig  on  board,  together  witii  tiie 
weight  of  the  hull,  must  always  bear  some  relation  to  the  priii- 
eipai  diineubions  of  the  ship,  uaineiy,  to  the  length,  breadth^ 
and  dnugfat  of  waiter^  ot  t»  1^  a«d  !>•  Noiw  k  i»  fcnown^ 
fpon  cakttfaliPMa  on  vessds  vHtk  rather  Ml  §&nm  buNk% 
f kat  the  dM^plaeeasenl^  estimated  in  euUc  feel  of  sea-wnter,  is 
equal  to  sixty- two  hundredths  of  the  product  of  tliese  three 
dimensions,  or  equal  to  L  X  B  x  D  x  ,  62  ;  which  being  divided 
by  3&^tii&Bwnbecof  cabie  ieet  of  sak  waUr  which  weigj^  a  taH^ 

win  giw  tb&  dispteeentnft  in  tons  «  ^  ^  ^  35^  ^  ^ 

draught  of  water  of  men-of-war  is  generally  about  half  the 
extreme  breadth  of  the  ship,  and  no  doubt  that  at  the  tiiae  of 
the  formatioii.  oi  the.  nik  for  tonnage,  it^  was  in  tlie  saoie  pro- 
famdm  Ml  Micbfliit  weds  >  but  bein^p  oaaitted  in  the  rule 
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for  tonnage,  this  clinieiihioii  very  much  increased  of  lal? 
years,  without  a  relative  increase  in  the  le^gtii  ami  brouUJ)  $ 
tliei^rc^  instead  of  P»  aubstitate  what  was  fonntrly  Ut 

B 

€<)uivalent,  ^,  and  the  expression  becomes 

B  B« 

,f  or  — -J^         =       wUole  dbplace- 


 —3  5—  ' 

W^«t»  or  weisht  of  Ibf^  vwel  ia  tap««  The  weighK  «( lha  kul^ 
alore^,  ^c.  was  generally  about  Iwo-Mhi  of  tlie  wh<ile  weight, 
kiiviug  Uii:^^-iifth&  i<^\        weight  ui  xXac  eargo^  or  burden. 

Therefore,        ^     *      v  ^ «  =  burden  in  tons, 

"   'as  ^F^^T 

vlwsh  ia  the  eommoii  rn W 

The  inaccuracy  of  the  present  rule  Is  generally  admitted ;  the 
object  liow  is  to  substitute  for  it  a  correct  raetho^L  We  niu^t 
perfectly  agree  with  those  who  refuse  their  asseat  to  the  adgp- 
tioi\  0/  ajny  m^thod,^  however  simple  in  its  appUcatioq^  whidi  ii 
npt  oil  eorr^t.  prlociplea.  We  do  «jo(  wish  to  sae  the  error 
diminished!,  bi«t  ahoUahed.  Simplicity  is  desirahle^  and.  to  a 
certain  extent  necessary>  but  it  should  not  be  obtained  by  a 
sacrifice  of  principle.  The  scale  of  tonnage  has  been  fre- 
<j|il^ntly  recongnoended^  and  tjbe  troohk  o(  <;oastru^tijag  it  for 
every  class  o(  ships  ha^>  we  conceive,  been  the.  only  cause  of  itf 
.hein(  SQ  long  neglected  to  be  eaiHed  into  e;ii;ecutiiiyu  Mr.  Pati^ 
S0Q8  has  mndertal^en  this  woA  for  all  elasaes  of  ships,  of  the 

royal  navy,  and  for  various  kinds  of  merchant  ships.  The 
scales  of  tonnage  of  three  vessels  are  g;iven  in  the  resent  work. 
The  scale  of  towMge  is  eoustructed  by  cal<^ulating  the  cubic 
content/s  in  tons  of  horizontal  portions  of  a  ship's  displacement 
et  various  heights  above  the  lower  edge  of  the  keeV  <tod  by 
drawing  ordinates  perpendicular  to  a  vertical  line  at.  the  di^* 
ferent  heights,  representing  by  scale  the  corresponding  portions 
of  the  displacement;  a  curved  line  diawii  through  the  CXtr^i- 
ties  of  these  ordinates  is  the  scale  of  tonnage. 

Mr^  Pardons     eon^^nicted  bis  s<;aleii  in  two  part%  onft  foe 
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the  foie  body  and  the  other  for  the  after  body,  the  body  being 
divided  at  the  middle  of  the  length  of  the  load-  water  line,  be- 
tween the  perpendiculars  at  the  fore  part  of  the  rabbet  of  the 
etem  and  the  after  part  of  the  rabbet  of  the  stempost*  Ftg.  51 
it  the  scale  of  tonnage  of  a  brig  of  170  tons,  register  tonnage, 
drawn  on  a  sriialler  scale  than  that  given  ia  the  work.  "The 
tonnage,  or  actual  weight,  that  this  brig  is  capable  of  carrying, 
is  found  from  these  lines,  in  the  following  manner; — Suppose 
the  vessel  has  every  thing  on  board  except  the  cargo^  and  the 
draught  of  water  is  six  feet  at  the  stem  and  stempost^  or  on  an 
even  keel;  siet'this  distance  up  from  the  base  line,  or  lower 
side  of  th  :  false  keel,  and  draw  out  the  line  A  12  parallel  to  the 
base,  intersecting  the  line  1,  the  line  of  tonnage  for  the  after 
body,  in  the  distance  A  B,  applied  to  the  scale  of  tonsy  will 
measure  46  tons>  the  weight  of  the  after  body;  the  same  line 
A  12  intersects  the  line  2,  the  line  of  tonnage  for  the  fore  body. 
In  C,  the  distance  AC  will  measure  64  tons,  the  weight  of  the  fore 
body  :  therefore  the  wliole  weight  of  the  vessel,  with  every 
thing  on  board,  except  the  cargo,  is  1 10  tons.  Now  suppose 
the  cargo  is  put  on  boardj  and  that  the  draught  of  water  is  12 
feet  at  tiie  stem  and  stempost^  or  12  feet  on  an  even  keel  $  pro- 
ceed as  before  to  find  the  weight  of  the  vessel  at  this  new 
draught  of  water ;  the  line  D  11  is  drawn  at  12  feet  from  the 
base,  and  the  corresponding  weight  of  the  afterbody  is  157  tons, 
and  of  the  fore  body  193  tons,  therefore  the  whole  weight  is 
350  i  but  the  weight  before  the  cargo  was  put  on  board  was  1 10 
tons,  conaequentlyj  the  weight  of  the  cargo  must  be  240  tons." 
When  there  is  a  considerable  diflference  in  the  draught  of  water 
at  the  stem  and  stern  post,  Mr.  Parsons  observes,  it  may  be  ne- 
cessary to  take  the  medium  depth  for  each  body,  instead  of  the 
depth  at  the  middle  of  the  vessel. 

Mr.  Parsons  informs  us,  that  this  pamphlet  will  in  a  short 
time  be  followed  by  a  larger  work  on  the  same  subject,  con- 
taining lines  of  tonnage  for  vessels  of  every  descnption,  and  a 
full  explanation  of  the  use  of  the  other  lines  in  the  plates,  whic  h 
have  not  been  noticed  in  this  pamphiet.'*  The  line  3,  repre- 
sents the  whole  area  of  the  horizontal  sections,  in  square  feet, 
of  the  after  body ;  the  line  4,  of  the  fore  body.  The  line  5, 
represents  the  whole  exterior  surface  of  one  side  of  the  vessel. 
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in  square  feet  of  the  after  body ;  the  line  6,  of  the  lore  body. 
The  line  7  represents  the  whole  area  of  the  vertical  st  ctioii^, 
as  high  as  the  load-water  sections,  in  square  feet,  of  the  after 
body  3  the  line  $,  of  the  fore  body.  S>  give  the  situation 
ami  form  of  the  priDcipal  transverse  section ;  9.  9^  give  the 
situation  and  form  of  the  section  in  the  after  body,  whose 
area  is  equal  to  two  thirds  the  area  of  the  principal  section  ; 
and  10.  10,  in  the  fore  body^  11  is  the  load-water  line,  and 
12  the  light- water  line. 

Such  a  work  will  be  of  the  greatest  practical  utility  to  naval 
architects,  by  very  greatly  facilitating  numerous  operations 
wHich  require  tedio:ns  calculations ;  and  m«y  thus  lead  to  many 
important  investigations,  which  may  conduce  essentially  to  the 
interests  of  naval  architecture. 

I  —I 

Art,  'XV.'^Notiee  of  A  JJetcr^Hon  of  Camnumder  Mar-- 
shaW*  New  Mode  of  Mounting  md  Working  Sh^*  Gm»,  fc* 

Thb  necessity  which  exists  of  perfcctinii;  the  artillery  practice 
on  board  our  men-of-war,  which  has  been  so  ably  insisted  upon 
in  Sir  Howard  Douglass's  introduction  to  his  "  Treatise  on 
Naval  Gunnery/'  appears  to  be  most  fully  admitted  by  naval 
men;  Captain  Marshall's  work,  therefore,  cannot  but  meet  with 
the  attention  which  the  author  claims  for  it  from  the  members 
of  his  proieabion,  as  an  iuquiiy  into  a  method  b)'  u  liieli  the 
guns  of  the  British  fleet  may  be  worked  with  greater  rapidity — 
more  extensive  powers  of  operation — less  labour — and  more 
certain  effect^  than  has  ever  before  been  practicable." 

The  difficulties  which  attend  the  acquirement  of  perfection  in 
gunnery,  are  far  greater  at  sea  than  on  land.  In  land  practice 
the  gun  and  the  object  to  be  struck  are  generally  stationary, 
while  in  most  cases  at  sea,  and  particularly  in  distant  firing, 
when  accuracy  of  fire  is  of  most  importance,  not  only  the  rela- 
tive  positions  and  distances  are  constantly  altering,  but  the 
gun  is  frequently  in  such  rapid  motion,  from  the  eflect  of  the 
waves  on  the  vessel,  that  nothing  short  of  instantaneous  preci- 
sion of  aim  can  possibly  be  effective.    In  fact,  the  difficulties 
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attendant  on  perfecting  the  practice  of  naval  gunneiy  are  so 
great,  that  eiiual  certainty  of  effect,  with  that  which  may  exist 
on  landy  cannot  be  expected;  at  the  same  time  much  ad- 
vantage may  be  derived  from  endeavours  to  diminish  the  in- 
fluence of  the  obstacles  which  oppose  themselves  to  it.  Tlie 
efficiency  of  a  ship  of  war  evidently  depends,  not  only  on 
the  means  of  oiTence  or  defence  which  she  may  possess,  liut 
also  on  the  facilities  which  are  afforded  by  her  equipment  for 
perfecting  tlie  application  of  those  means.  If  it  is  possible  to 
lessen  the  interval  between  the  discharges  of  a  gun,  or  to  in- 
crease the  effect  of  the  discharge,  by  assuring  a  greatei<  illt^ipMe 
of  accuracy  of  aim,  the  force  of  the  vessel  tnay  te  'tfaU  to 
be  increased  proportionately  to  its  increase  of  efficiency.  'Bbdi 
rapidity  of  fire  and  accuracy  of  aim  must  greatly  depend  on 
tiie  ease  with  which  the  gun  can  be  manoeuvred;  the  latter 
can  only  be  assured  by  a  degree  of  ease  of  manoeuvre  which  it 
appears  almost  impossible  can  be  attained  with  so  f^tal  ^ 
weight  as  tbat  iof  the  larger  sea  ordnance,  uifd^i'  iirthe  diMid- 
vantages  which  must  necessarily  exist.  Various  attempts  hk^e 
been  made  to  lessen  the  effect  of  these  disadvantages,  by  im- 
]3rovcment  of  the  carriage  on  which  the  gun  is  supported,  but 
tlie  cxic^encies  of  the  naval  service  present  many  obstacles  to  per- 
fecting this  simple  machine ;  so  much  so,  that  in  W 
objections  against  it,  the  present  carriage  fbr'^u 
appears  to  have  been  in  use  almost  from  the  first  n 
of  heavy  artillery  on  board  .ships,  and  is  generally  adopted,  b^ 
nearly  every  maritime  nation.  -  - 

A  carriage  for  ship-artillery  should  offer  no  obstruction  to 
the  guns  being  trained  to  the  greatest  angle  either,  before  or 
abaft  the  beam,  which  the  size  of  the  port  will  admit ;  and  tlie 
muzzle  of  the  gun,  when  it  is  discTiarged,  should  be  sufficiently 
out  of  the  port  to  carry  the  fire  clear  of  the  ship.  The  car- 
riaj^e  should  also  allow  of  the  gun's  being  trained  to  the  great- 
est TK  cessary  angle  without  requiring  too  large  a  port-hole : 
it  should  admit  of  the  gun's  being  depressed  or  elevated  as 
much  as  may  he  necessary  under  any  circumstances  of  indina^ 
tion  at  which  it  may  be  possible  to  fight  the  ship ;  it  should 
be  extremely  difficult  to  be  overturned,  that  it  may  resist  any 
tendency  to  this  which  may  aii^e  from  the  guns  being  fired 
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linder  circuknstatict^s  of  great  ttiotion  6t  indinatiotl  of  thfe  Mp  • 
it  should  posses  facilities  for  enabling  the  giiils  to  load^d-by 
the  tiiett  iirhefi  th^y  af«  shelteretl  from  the  musketry  of  th^ 
enemy;  it  should  be  capable  of  being  easily  tiaiisported  frotti 
one  part  of  the  ship  to  another;  should  not  be  easily  put  out 
of  order,  but  wlieii  so,  should  l>e  easily  »^hifted;  should  occupy 
smaH  space,  tnd  should  be  cbiliposfedof  the  leilst  possible  ^lian* 
tiiy  of  h^atliri^ts,  as  both  spac^  Mli  \Veight  are  neceddafil^  tf6tf- 
notntsed  6n  ship-board.  The  ehlef  obj^cfio'ns  to  the  Carriage 
at  presefU  in  use,  are  the  small  facility  it  affords  for  motion  ill 
any  other  direction  than  lengthwise  of  the  gun,  and  its  Cotl- 
iiiied  angular  range ;  in  other  respects  it  ii  hot  ill  adapted  td 
lite  sertfce  which  id  required  of  it. 

The  principal  attempts  at  imprdV^iHet^t  ifi  Hie  gUi^-^^f^a^^ 
IraV«  hteH  directed  to  obtain  separate  facilitit^s  for  the  motions 
of  the  fedff!!  atld  the  training^.  Thb  general  principle  aidopted 
in  most  of  these  attempts  has  been  similar  to  that  oil  Which 
the  carriage  fo^  carronade?,  at  present  in  use^'  U  constru'cted ; 
^  hairing  th^  c^ag^  )ti  VKto  piirts,  the  Ibwer  paH,  6t  htilkt  bt 
fht  MrHage,  fitted  to  tfdmiC  of  it^  being  easily  trained  fh  k  fbt^ 
and-afl  ditection  of  the  ship;  and  also  to  form  a  platform  foi' 
the  Upper  part,  to  which  the  gun  is  fixed,  and  which  motes  on 
the  lower  in  the  direction  of  the  recoil.  Chapman  appears  to 
Bttve  Bfeen  the  ttit  Who  applied  this  principle  to  nkv^  md- 
Mhee.  fit  htt  carriage  the  gun  was  nobunted,  by  its  tnln^folisy 
^  k  iMhi6W  tied,  similar  in  shap«  t6  the  carriage  tot  fmg  gbni 

at  present  in  nse,  but  wiiiiuut  the  trucks,  the  elevatiuu  or  de- 
pfession  being  regulated  by  quoins  as  at  present ;  this  bed  was 
connected  to  a  thick  sole-piece,  by  means  of  a  strong  bolt 
which  passed  verCicaUy  through  the  breast  ends  of  the  bed  diid 
weXt'-pittB,  and  fbrtoed  to  axis  ttkutid  wfilclf  the  bed  might  1^ 
Ittmedt  on  the  soTe-fitece ;  these  parts  formed  the  \ipper  dhdsfoif 
of  the  carriage;  the  lower  division  consisted  of  a  slide  on  which 
this  was  to  move,  in  the  direction  of  the  recoil,  between  two 
ribbands.  The  breast  end  of  this  slide  Was  strongly  connected 
witli  the  ship's  deck  by  means  of  a  woodmen*  pfkV^  fonnd  which 
the  sHde  mtghe  be  ti^versed  $  to  l!aci!itat6  this  mbtlott  the  bteei6h 
end  of  the  sKde  was  fitted  t^ith  trucks,  to  i^n  in  a  fore-at^d-aft 
direction  of  tlicshtp.   TIlSs  carriage  was  used  for  some  time  in 

v2 
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the  French  navy^  but  has  been  long  dimntinued  |  for  thon^. 
it  possessed  j^reat  advantages  in  admitting  of  the  gun's  being 

easily  worked  and  Lruverscd,  and  in  enabling  the  gun  to  be 
loaded  with  convenience  in-board,  without  its  being  necessary 
to  alter  either  the  direction  or  elevation ;  it  was  of  great  extra, 
weigbti  and  occupied  a  very  large  space  on  the  decks. 

The  carriage  proposed  by  M«  Paixhans,  and  described  in 
Art.  XXII.  Vol.  11.  of  this  work,  was  on  the  same  principle  as 
this  of  Chapman's  :  the  directing  bar  in  that  carriage  offers  the 
same  facilities  for  traversing  which  the  slide  does  in  Chap- 
man's; and  the  motion  of  the  recoil  is  checked  in  both  by  the 
tame  means^  the  absence  of  the  trucks.  There  have  been  se^ 
veral  other  modifications  of  the  same  principle^  some  of  them 
are  partially  introduced  in  our  service, 

liut,  the  most  remarkable  innovation  on  the  system  of  mount- 
ing ship  artillery  ^vas  the  introduction  of  the  principle  of  non- 
recpilj  by  General  Sir  Samuel  Bentham*  .This  gentleman^ 
fowiding  his  conclusion  on  the  fact^  that  neither  mortars  .nor 
twiyelSj  the  largest  and  smallest  ordnance  which  are  used  on 
shipoboard,  are  fitted  to  admit  of  more  recoil  than  that  which 
results  from  the  elasticity  of  the  materials  of  the  ship^  and  of 
the  fluid  on  which  he  is  supported,  conceived  that  the  same 
principle  might  be  applied  to  all  tiie  intermediate  species  of 
ordnance^  but  especially  to  the  shorter  sorts,  as  in  the. 
longer  it  would,  in  many  circumstances,  be  attended  with 
great  increase  of  difficulty  in  loading.   This  method  of  mount- 
ing ships'  guns  was  partially  introduced  into  uur  iiLivy  during 
the  war,  and  more  generally  in  the  French  navy,  after  1810; 
but;although  it  was  found  to  possess  great  advantage  over  the 
old  roethod^  in  requiring  but  few  men  to  work  the  guns^  and  in 
admitting  of  the  guns  being  fired  n^uch  oftener  In  the  same^ 
space  of  time«  it  was  necessary  to  have  large  port- holes,'  and 
the  men  were  much  exj)osed  while  loading  the  gun.    it  ap- 
pears that  these  disadvantages  more  than  counterbalanced  the 
advantages,  as  the  system  has  been  completely  discontinued  in 
this  country,  and«  we  believe,  very  generally  so  in  France; 
tlioiigh,  from  the  statements  which  have  been  lately  published  by 
General  .Bentham,  on  the  subject  of  these  carriages,  it  is  pro-r 
bat^  that  there  are  many  circumstances^  ebpecially  in  the  aimt^T 
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ment  of  small  crafty  a  species  of  force  which  must  aticbinpany 
the  application  of  steam  to  warlike  purposes,  in  which  the 
principle  of  mounting  large  guns  on  non-recoil  carriages  may 

be  advaiitajLj^Lously  introduced.  The  first  recordecT  proposal  tor 
fittlnc^  (^ufis  on  non-recoil  carriages  is  due  to  Chapman,  though 
his  application  of  the  system  was  limited  to  the  smaller  species 
of  ordnance*  The  guns  were  mounted  by  their  trunnions  on 
the  brackets  of  a  small  carriage,  the  bottom  of  which  was 
formed  by  a  thick  piece  of  plank,  having  a  circular  mortice 
worked  on  its  under  surface,  in  tkjjth  about  one  third  tlie 
thickness  of  the  plank,  and  in  breadth  about  two  thirds  the 
breadth  of  the  plank;  this  carriage  was  placed  on  a  stand 
formed  to  receive  it;  one  end  of  which  was  secured  to  the 
port-sill,  and  the  other  end  to  a  chock  on  the  deck :  a  cir- 
cular tenon  was  worked  on  the  upper  surface  of  the  stand  to 
correspond  with  the  mortice  worked  on  the  under  t^urfacc  of 
the  carriage,  and  a  bolt  in  the  centre  of  the  tenon  passed 
through  both  carriage  and  stand,  forming  the  axis  round  which 
the  gun  might  be  traversed.  This  method  of  fitting  admitted 
of  no  recoil.  ^  . 

The  moutiSng  'of  the  gun,  on  Captain  Marshall's  principle, 
is  composed  of  two  distinct  paits,  which  he  has  designated  tlie 
breast  and  breech  carriages.  The  breech  carriage  is  connected 
to  the  gun  by  the  trunnions.  The  breast  carriage  is  indepen- 
dent of  the  gun;  it  is  connected  to  the  ship's  side,  and  is 
merely  intended  as  a  rest,  from  the  trunnions  outwards,  for 
which  purpose  it  is  fitted  with  an  iron  crutch  to  receiVie 
the  gun.' 

Fig.  52  "  represents  a  twenty-four  pounder  mounted  upon  the 
new  carriage  ;  at  the  breech  it  is  supported  iijjon  the  two- 
wheeled  breech  carriage,  which,  being  attached  to  the  trunnions, 
moves  with  the  gun  in  every  direction;  at  the  fore  part  of  the 
gun,  upon  the  breast  carnage  5  which  being  bolted  to  the  ship's 
side  remains  stationary,  whilst  the  gun  runs  in  and  out  over  the 
block  in  the  crutch  *****  The  gmi  is  prevented  from 
running  out  any  further  by  the  trunnions,  or  trunnion  riuj, 
coming  in  contact  with  the  crutch ;  and  when  the  gun  is  run 
in,  the  approach  of  the  musszle  any  nearer  to  the  crutch,'  or  the 
danger  of  its  recoiling  too  far  through  it,  is  not  only  prevented 
by  a  btuut  brcecliing,  but  doubly  guarded  against  by  a  strong 
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breast  rope,  fixed  to  the  breech  carriage,  and  passed  round  the 
crutch^  ^  shown  by  the  figure.  Thus  are  the  two  parts  of  the 
carria^  prevented  from  approaching  into  contact,  or  of  re* 
ceding  too  %  (rom  each  other,  whilst  the  guD  itself  preserve^ 
the  cofDiDunicatioti  between  the  two  parts  of  its  carriage/' 

We  have  said  that  a  principal  objection  to  the  old  gun-car- 
riage, is  tlie  small  facility  it  affords  for  lateral  motion,  when 
it  is  retain  red  to  be  traversed,  in  order  to  hre  either  before  or 
abi^t  the  beam )  Captain  Marshall's  carriage  possesses  a  great 
advantage  in  this  respect.   The  manner  in  which  the  breast 
carriage  is  connected  to  the  side  of  the  ship,  is  by  meaqs  <if 
strong  eve-plates  on  the  carriage,  with  corresponding  eyes  on 
the  shi)/&  hide  at  the  centre  of  the  port.    An  iron  bolt  passes 
vertically  through  these  four  eyes,  forming  an  axis  round  wliich 
the  breast  carriage  may  be  traversed  by  means  of  small  tackleSf^ 
i(nd  as  the  pin  of  the  cruteh  which  st^ports  the  gun  1^  fitted  to 
turn  in  the  carriage,  the  muzzle  of  the  gun  may  by  these  means 
'    be  moved  from  one  side  of  the  port  to  the  other,  "  it  is  not 
necessary  in  training  round  to  move  the  breech  and  the  breast 
carriage  at  the  same  moment }  nor  are  both  these  parts  of  the 
carriage  reqi^red  to  be  in  the  same  line  when  the  guii  is  fir^d. 
By  moving  either  the  breast  or  the  breech  of  the  gun,  the  aim 
may  therefore  be  altered,  and  the  breech  carriage  may  recoil  in 
any  direction  without  producing  any  twisting  strain  upon  the 
crutch  or  breast  carriage  *****    When  a  gun  upon  the 
new  carriage  has  been  trained  to  something  like  a  required 
j»o^tio95  the  aim  is  adjusted  by  moving  the  breast  car^ge 
instead  of  the  breech^  by  which  means  a  man  at  each  breast 
taclcle  is  enabled  to  draw  the  muzzle  horizontally  to  ojie  side 
or  the  other,  with  a  motion  so  smooth  and  gentle,  that  the  eye 
of  the  marksman  is  never  thrown  off  the  apertures  of  the  sights 
'  till  h^  perceiveahis  aim  to  be  true^  3vhen  he  is  enabled  instantly 
to  fire ;  since  the  men  whilst  in  the  act  of  moving  the  gun  are 
perfectly  clear  of  the  recoil.   By  this  method  of  pointing  much 
time  is  saved,  and  the  eye  and  attiution  of  tlie  gunner  not  being 
recpn'rod  to  be  diverted  from  iiis  object  from  the  time  he  begins 
to  take  aim  to  the  time  he  pulls  the  trigger,  many  causes  of 
impatient  and  inaccurate  firing  are  removed/* 

From  the  comparative  ease  with  which  the  gups  when 
mounted  on  Capt.  Marshall's  carriages  can  be  worked^  it  followa 
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that  the  number  of  hands  necessary  to  work  them  must  be 
much  fewer  than  is  required  by  the  present  carriages,  and  con* 
ftoquently .  this  involves  aU  the  advantages  wbich  may  arise 
diher  from  enabling  shipa  to  carry  a  greater  comparative  pro- 
portion of  stores,  or  from  lessening  the  necessity  of  sacrificing 
other  qualities  to  stowage  in  the  construction  of  new  .ships,  for 

that  the  guns  employ  more  men  to  work  them,  than  are 
W93fitsi  ipT  all  the  purposes  of  navigation,  &c.,  may  be  infeired 
fi(q|i^|t|«  veduetion  which  i&  made  in  ships'  crews  when  put 
upon  |1m  peace  establishment^  or  when  sent  on  service  uneon- 
nceted  with  naval  armament besides,  ^  in  materially  reducing 
the  number  of  nien  required  to  perforin  a  variety  ot  laborious 
duties  where  so  httle  room  is  afforded,  order  and  convenience 
iiuisl  evidently  be  promoted  |  and  the  loss  of  many  lives  be 
p«iv^Hfe$s^  by  distributing  the  men  more  thinly  on  the  decks,'*  ^ 

We  shall  quote  the  results  of  the  experiments  which  were? 
made  on  this  carriage  on  board  His  Majesty's  ship  Prince  Re- 
gent, at  Chatham,  as  they  place  its  qualities,  in  comparison 
with  those  of  the  old  carriage^  in  a  clear  point  of  view. 

No.  1.  The  respective  guns^  one  a  twelve^ppunder  mounted 
upoB  the  established  carriage^  liie  other  a  twelve-pounder  upon 
the  new  carriage,  w^re  tiained  to  the  greatest  angle  before  and- 
abaft  the  beam  of  their  ports  which  their  carriages  would  allow? 
their  muzzles  being  each  placed  outside  of  their  ports.  Angle 
of  the  new  gun  54?%  Angle  of  the  old  gun  39?* 

No.  2.  The  new  gUBj^  worked  by  three  men,  was  trained^ 
from  aa  angle  of  54?  on  one  side  of  the  beam  of  ita  forty  to 
54^  on  the  opposite  side;  and  the  old  gun,  worked  by  aiis 
men,  was  trained  from  an  angle  of  39%  to  39?  in  the  opposite 
direction.  Time  in  wiiich  the  new  gun  was  trained  25  '1^  old , 
gun  29  r. 

No,  3«  The  guns  were  each  fired  eight  rounds,  and  pointed 
alEeitiately  at  objects  on  the  beam,  three  penita  before  the 
beam,  and  three  points  abaft  the  beam.   The  time  in  whieh ' 

light  rounds  were  fired  in  the  above  order,  by  the  new  gun 
worked  by  three  men,  was  7  •  44".  The  time  in  which  the  same 
was  performed  with  the  old  guu^  worked  by  six  men,  was  9 '  9^. 

Np.  4.  The  guns  were  each  fired  eight  rounds  double  shotted* 
The  old  gmi  kicked  up,  shook  the  deck,  and  dasffaiced  its 
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quoin.  The  new  guu  did  uot  kick  up^  nor  shake  ti)e  deck,  nor 
displace  its  quoin. 

No»  5.  The  new  gun  was  pointed  itteadily  at  its  object,  hy 
moving  the  breast  block,  and  was  fired  while  in  the  act  of  being 

pointed. 

This  was  done  most  satisfactorilv ;  the  men,  when  traversing 
the  gun^  being  perfectly  clear  of  the  recoil. 

Na.  6.  The  guns  were  pointed  at  the  greatest  angle  of  eleva- 
Uon  and  depression  which  their  ports  (of  similar  height)  would 
admit  of.  In  the  new  gun,  the  angle  of  the  eleyation  -  was 
14?  45^ ;  the  angle  of  depression  was  30^  In  the  old 
gun,  the  angle  of  elevation  was  12?  15',  of  depression  was 

No«  7«  The  new  gun  by  its  crew  (three  men)  was  placed 
upon  its  transporting  truck  in  571,  and  remounted  upon  the 
breast  block  in  40?. 

No.  8.  The  breech  carriage  was  taken  away  by  three  men  in 
43*,  and  replaced  by  the  same  in  24^. 

No.  9.  The  breast  block  was  removed  from  the  gun  iu  1 C  2^, 
and  replaced  by  three  men  in  It  10?. 
'  These  experifients,  together  with  other  documents  reflfiecting 
the  carriages,  were  signed  by  Captains  J«  T.  Maling,  C«  R. 
Moorsom,  and  H.  Patton,  who  were  appointed  by  the  Com^ 
lifjander-in-Chief  at  Chatham,  to  inspect,  and  report  on  Capt. 
Marshall's  carriage,  lliere  are  several  other  highly  satisfactory 
reports  appended  to  Captain  Marshall's  book. 

In  reference  to  the  qualifications  we  have  enumerated,  as 
desirable  in  a  carriage  for  ship  artillery,  we  must  observe  that 
Captain  Marshall  gives  the  weight  8  cwt.,  as  the  weight  of  the 
two  carriages  on  his  principle,  which  are  to  replace  the  old  gun- 
carriage  of  7  cwt.,  but  he  observes  that  as  no  experiments 
have  yet  been  made  to  show  the  strength  which  is  necessary 
in  the  parts  of  the  new  carriage }  they  have  probably  been  made  ■ 
heavier  than  experience  may  show  to  be  requisite."  We  are 
doubtful  whether  the  new  gun-carriage  would  not  be  found  ► 
to  be  more  eabily  put  out  of  order  if  stnu  k  liy  a  shot,  than  the 
old  carriage ;  but  it  is,  evident,  from  tlie  report  of  the  experi- 
ments, that  such  a  casualty  may  be  far  more  easily  remedied  in 
Captain  MarsbaU's  system  than  in  the  present.  ^The  work— 
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manship  of  the  new  carriagfe  would  be  more  expensive  than 

that  of  the  uld,  h\xl  this  cannot  be  considered  a  vaUd  objec- 
tion, if  it  produces  compensating  advantage,  which  must  be 
the  case  if  it  should  enable  any  reduction  to  be  made  ia  the 
crewB  of  ships.  There  is  another  objection  which  appears  to 
US  may  require  attention^  which  is,  that  in  continued  firingj 
the  breeching  and  breast  rope  may  be  so  stretchedi  that  the 
muzzle  may,  in  the  recoiling,  over-run  the  crutch,  in  which 
case  the  gun  would  fall  on  the  deck  ;  however,  little  care  would 
suffice  to  guard  against  this  inconvenience  ;  and,  indeed,  none 
of  the  reports  contained  ui  the  book,  on  the  firing  of  the  gtin» 
iMtke  this  effect  as  likely  to  occur.  The  principle  on  whieh' 
Captain  Marshall  proposes  to  mount  ship  ardllery,  appears  to' 
possess  such  numennis  advantages,  that  \vc  arc  glad  to  find  it 
is  the  intention  of  Government  to  institute  an  experiment  on  a 
hirge  scale  for  the  purpose  of  fully  deciding  ou  the  iitness  of  his 
carriage  for  His  Mi^esty's  service* 


Aet.  XVI. — Account  of  finding  the  Centre  of  Gravity  of  Hm 
M€^eHy*9  Ship  SqfUa,  of  18  gmu^  by  EaperimentJ 

When  the  Scylla,  a  ship-sloop,  formerly  a  brig,  was  lying 
ill  Portsmouth  harbour^  nearly  fitted  and  ready  for  sea^  its^ 
centre  of  gravity  was  found  by  experiment  in  the  following 
manner,  7th  May,  1830.  The  method  used  was  nearly  similar 
to  that  which  Chapman  used  in  finding  the  centres  of  gravity 
of  Swedish  ships;  only  substituting  the  correct  moment  of  . 
stability,  instead  of  the  moment  of  stability  calculated  by  the 
metacentre.    See  Art.  3.  Vol.  I.  of  this  work. 

The  draught  of  water  was  taken  very  correctly,  the  water 
being  smooth. 

ft.  in. 

Forward       ^      -      •      -    11  6 
Abaft     -     -     -     .  .       .    14  10^ 
The  depth  of  the  keel  and  fahe  keels  below  the  lower  edge 

of  the  rabbet  of  Llie  keel  wujs  : 


Xiie  experiment  wm  made  by  Capitiia  llindrnftr^h  and  Mr.  Morgim. 

■ 
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The  siiip  was  perfectly  upiiglit,  all  the  weights  being  equally 
ll9l4aMd  on  each  side.  A  large  quadrant  marked  with  degieea^ 
mih  •  phttnli  atlached  to  the  centre,  was  fixed  in  the  maim 

*  kiftekmy«  The  flittuitioiis  of  the  carromides  and  long  gun  on 
one  side  were  marked  on  the  deck.  They  were  tiien  momnI  t* 
the  other  side,  keeping  them  in  the  same  transverse  lines  ;  the 
fthot  and  hammocks  were  also  carried  over  to  the  incliaed  side, 
and  the  cf0n%  which  were  first  equally  divided  on  eaeh  side  el 
dlo  "Mpt  wete  ail  placed  on  the  same  aide.  The  diiteM 
whieh  oieiy  weight  4ad  been  oooved  wee  then  nMasnred.  TIm 

V  weight  of  every  article  moved  was  known :  the  weights  of  the 
carronades  and  gun  were  marked  on  them,  and  tlie  weight  of 
the  men  and  hammocks  were  obtained  weighing  them. 
The  inclination  of  the  ship  wee  then  ohacmd  to  he  6t  20t.r 
The  carronades,  shot,  &c.  were  then  replaoed. 

The  weights  of  the  carronades,  shot,  &c.  in  tons,  multiplied 
into  the  distances,  moved  in  a  transverse  direction,  in  feet= 
264,5,  This  moment  mukiphed  into  the  cosine  of  the  angle 
of  inciiMiof,  is  cfiial  to  the  moment  of  the  stabihiy  of  the 


Let  D  ss  the  displacement  of  the  ship  in  tons,  A  =^  the 
volume  immersed  by  the  inclination  in  tons,  b  s  the  distance 

between  the  volumes  immersed  and  emerg:ed  by  the  inclination, 
d  =  the  distance  between  the  centres  of  gravity  of  the  dis- 
placement and  the  ship, 


By  substituting  the  values  of  A,  and  D,  obtained  by  cal- 
culation, in  this  expression,  the  value  of    the  distance  between 

the  centre  of  gravity  of  the  displacement  and  the  centre  of 


Then  bA-dD.  dn.      20:  =  264,  5.  cos.  6° 

bA  ^  2e4,5  co>,6?  20! 


s  3,afeet. 
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The  distance  of  the  centre  of  gravity  of  the  displacement 
below  the  load-water  line  —  3,97  feet. 

3,97  ~  3,6  =  ,37  the  distance  of  the  centre  of  gravity  of  the 
ship  below  the  load-water  line  at  the  time  of  the  experiment. 

When  the  ship  was  at  Spithead,  with  every  thing  on  board,' 
which  was  deficient  at  the  time  of  the  experiment,  and  pro- 
visioned and  stored  for  four  months,  the  draught  of  water  was 
again  taken. 

ft.  iu. 

Forward  -        r        ^       •    12  6 

Abaft      ......    14  10  ] 

The  weight  of  all  the  articles  brought  on,  ^<m^  Biimm  tMi. 
evp^ri^fnt  wa«  33,4  toi^  and  the  moment,  of  these  weights 
c^^cuVited  abare  the  water*  Umc,  at  the  time  of  sailing  was  193 
tons  ;  the  height  of  the  centre  of  erravtty  of  tt^  s^ii^  b|eU>fi  ^^(K 
ipated  a^  in  the  ca«i^  of  a  to|vg£^llatit  breeze. 

The  moment  of  \mgl|te  M9W  ^  wnt«r*tine4it  the  tip«  qf. 

a3ige7«n«B|it    401  tons^ 

494,4 

The  situation  of  the  centre  of  gravity  of  the  ship  wiui  i4^(o^ 
QK  ^  tn^^MSft.  beW«(  tbQ  vf^^-Uoe  at      tiuM»  of  saUy^ 


Art.  XVIL— ^  Usi  of  the  Patent  wMch  hm>e  been  iakm 
emee  th^  \st  ofJamaryy  1830^  yW*  IwmUknM  or  hnpnve^' 

ments  connected  vnth  Naval  Affairs  ;  with  extracts  of  Spt^- 
creations,  Sfc, 

To  William  Ual|,  of  Colchester,  in  the  county  of  Essex,  ma-, 
chinist,  for  a  machine  or  method  of  ^isii^g  or  forcing  w^ter  fo^ 
propelling  vessels.    Dated  January  12th,  1830. 

To  John  ilevere,  of  New  Yoik,  in  the  United  States  of 
America,  now  residing  in  the  parish  of  St.  James,  Westminf>ter, 
M.D«,  for  a  new  alloy,  or  compound  metal,  applicable  to  the 
sheathing  of  ships,' and  various  other  usefhl  purposes.  Dated* 
January  28th,  1830. 

To  John  Gray,  of  Beaumorris,  in  the  county  of  Anglesea, 
l^cntlemau,  for  a  new  and  improved  mctliud  of  preparing  and ' 
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putting  on  copper  sheathing  for  shipping.   Dated  Fehmaiy 

4th,  1830. 

To  Kol)ert  William  Sievier,  of  Southampton-row,  Russell- 
square,  in  the  parish  of  St.  George's,  Bloomsbury,  in  the  county 
of  MiddleseXi  scylptor^  for  certaiii  JmproYements  in  the  con- 
•tnietiim  of  rudders  for  navigating  vessels.  Dated  February 
37th,  1630. 

To  Philip  Chilwell  de  la  Gaule,  of  the  city  of  Exeter,  gen- 
tleman, for  certain  improvements  in  apparatus  for  tidding  and 
vnfidding  masts,  and  iu  masting  and  rigging  of  vessels*  Dated 
Feformiry  27th»  1880. 

To  James  Ramsay  and  Andrew  Ramsay,  both  of  Greenock, 
in  North  Britain,  cordage  and  sail*c1oth  manuflsetUFers  $  and 
I^atthew  Orr,  of  Greenock,  aforesaid^  sail- maker  j  for  an  im- 
provement in  the  manufacture  of  canvas  and  sail-cloth  for  the 
making  of  sails.   Dated  March  20th,  1830. 

To  George  Scott,  of  Water-lane,  in  the  city  of  London,  en- 
gineer, for  certain  improvements  on,  or  additions  to,  windlasses 
and  relative  machinery  applicable  to  naval  purposes*  Dated 
March  20,  1830. 

To  William  All  toft  Summers,  of  Saint  George*s-place,  Saint 
George's  in  the  East,  in  the  county  of  Middlesex,  engineer; 
and  Nathaniel  Ogle,  of  Millbroofc,  in  the  county  of  Hants, 
esq.;  for  certain  improvements  in  the  construction  of  steam 
engine  -and  other  boilers,  or  generators,  applicable  to  propelling 
vessels,  locomotive  carriages,  and  other  purposes.  Dated 
April  I  a  th,  1830. 

To  Thomas  Cook,  of  Biackheath-road,  in  the  county  of 
Kentt,  lieutenant  in  our  royal  navy,  for  certain  improvements 
i|i  the  construction  and  fitting-up  of  boats  of  .various  descrip- 
tions.  Dated  April  24th,  1830.  * 

i. 

Extracts  from  Specific  aiionsy  and  Remarks,     '  * 

ExtrmU  from  tfie  Specification  of  lAeut.  William  Rodger's 
Impronments  in  the  Construction  of  Asadms^ — ^My'  siai'd  in-' 
ventiooof  certain  improvements,  in  the  construction  of  anchors, ' 
partly  consists  in  improvements  upon  a  former  patent,  taken' 
out  by  me  on  the  13th  day  of  March,  in  the  year  1828,  for 
certain  improvements  on  anchors,  and  which  said  improve-' 


Digitizea  by  v^oogle 


tmMeted  wUh  ifwMil  Jlfmn.  221 

w  4 

ments  are  the  result  of  experiments,  made  by  me  with  a  view 

to  determine  the  best  and  stioiigest  forms  which  could  be 
given  to  anchors  made  upon  the  principle  of  my  said  patent. 
Thus  1  have  found  it  advisable  in  order  to  give  additional 
strength  to  the  shanks  of  anchors  formed  of  combinationt  of 
wood  and  iron,  to  alter  the  form  of  the  iron  plates  of  which 
tiie  shanks  are  constructed,  and  to  introduce  several  additional 
plates  as  will  be  herein-after  described,  and  to  combine  them 
together,  vi^ith  or  without  the  interposition  of  a  central  piece  or 
core  of  wood,  and  which  central  piece  is  only  used  to  facilitate 
tii^^j^mtiqit  of  combining  them,  and  not  with  a  view  of  giving 
^n4^^itioi^al  strength  to  the  shanks ;  but  which  also  will  pre* 
vent  so  much  water  from  entering,  as  would  be  the  case  if  the 
shank  were  left  hollow.  The  whole  is  to  be  bound  together  by 
means^  of  iron  bands  or  hoops,  in  place  of  bolts  or  pins  and 
^oops,  as  in. my  former  patent  above-mentioned.  And  like- 
wise in  pidi^v  to  sfirengthen  the  arms  or  flukes,  i  have  adopted 
another  jnethod  of  eonnecthig  or  uniting  them  to  the  iron, 
plates  of  which  the  shanks  are  formed^  as  is  also  herein^after 
described. 

Fig.  53  is  a  side  view  of  an  anchor  formed  upon  my  last 
improved  construction ;  and  Fig.  54,  a  plan  of  the  same. 

Another  of  my  said  improvements  *  in  the  eonttraction .  of 
j^hors,  consists  in  a  new  method  of  affixing  the  stocks  upon; 
the  shank  of  the  anchcN*,  and  which  I  eflfect  in  the  following 
iiiamier.  In  Fig.  54,  the  stock  U  U  is  shown  in  the  plan,  as 
being  affixed  to  the  anchor.  Fig.  55,  is  a  top  view  of  the  stock, 
ready  for  affixing  upon  the  shank  of  an  anchor;  and  which  stock 
may  be  made  either  of  one  or  two  pieces  of  timber,  as  may  be. 
most  convenient.  It  Is  however  to  be  observed  that  the  sto^k. 
is  to  be  completed  before  affixing:  it  upon  the  shank,  and  which 
said  affixing  is  done  in  the  following  manner :— After  the  stock 
ia  shaped,  a  hole  V,  show  n  in  Fig.  55,  is  to  be  made  through 
tlie  centre  of  it,  to  fit  that  part  of  the  shank  upon  which  it  is  to 
be  affixed.  Two  stock  plates,  one  of  which  is  shown  by  a  top 
view  of  it,  in  Fig.  55,  are  then  to  be  placed,  one  on  each  side 
of  the  stocky  and  let  in  nearly  flush  therewith,  and  secured  by 
means  of  countersink  headed  nails,  and  two  bands  or  hoops, 
W,  W,  as  shown  ip  Fig.  55*   Middle  and  end  hoops ,  are  .alsQ 
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to  be  fitted  upon  the  stock  as  usual.  In  place  of  nuts  formed 
upon  the  shank  of  an  anchor,  in  order  to  secure  the  stock  in  its 
place,  I  use  a  hoop  X,  Figs.  5Ji  and  54,  which  is  so  situated 
upon  the  shank  as  to  prevent  the  stock  from  going  nearer  to 
the  crown  of  the  anchor  than  it  ought  to  do ;  and  upon  this 
hoop  X,  the  slock  rests,  and  is  prevented  from  sliding  towards 
the  shackle  of  the  anchor,  by  means  of  the  fore-lock  key  Y,' 
Fig.  54,  which  is  passed  through  a  hole  K,  made  in  the  shank 
for  that  purpose,  and  as  before  described,  and  as  shown  in  Fig. 
5S.  Previous  however  to  putting  in  the  fore-lock  key,  the  oval 
riftg  or  collar  Z,  shown  in  Fig.  53,  is  to  be  placed  on  the  shanic 
as  shown  in  Figs.  53  and  54.  As  fitting  the  stock  to  the  shank 
of  art  anchor  by  this  method,  prevents  the  use  of  a  ring  as  \i\ 
the  ordinary  man  tier,  I,  in  all  cases,  substitute  a  shackle  for 
the  ring  I  and  which  is  all  that  is  required  for  a  chain  cable; 
but  when  a  hempen  cable  is  to  be  used,  I  connect  a  ring  «  to 
to  the  usual  shackle,  l)y  means  of  a  joining  shackle,  as  shown 
in  Pigs.  53  and  54.  This  howevet  I  do  not  mention  as  a  new 
invention,  having  already  (employed  it  with  an  anchor  of  i 
different  construction,  and  for  which  I  obtained  a  patent  in  the 
month  of  December  in  the  year  1819.    '*    .  *   ;  — 

Observations  commmicated  by  the  Patentee.-^^the  intefition 
h  to  combine  in  this  patent  anchor  the  good  properties  of  the 
6ld  long-shanked  anchor,  together  with  the  important  advantage 
6f  great  addittonal  strength.  It  is  the  same  length  as  the  old 
established  anchor,  but  nevertheless  it  Iras  been  proved  by 
numerous  experiments  to  be  much  stronger  than  the  common 
short-shanked  one,  and  is  therefore  in  every  respect  suitable 
for  chain  cables.  It  would  be  superfluous  to  enlarge  on  the 
superiority  of  a  long-shanked  anchor,  as  it  is  admitted  by  every 
experienced  seaman,  that  the  old  anchor,  which  is  still  used  with 
hempen  cables,  holds  much  better  than  thai  with  a  short  shank 
which  has  come  into  use  since  the  introduction  of  chains ;  but 
mifortunately  it  is  not  sufiieiently  strong.  The  great  increase  of 
strength  in  the  patent  anchor  is  owing  to  the  peculiar  forma- 
tion of  the  shank,  which  consists  of  six  pieces  of  iron,  of  such 
a  thickness,  that  there  is  a  certainty  of  making  them  perfectly 
sound  for  anchors  of  tl>e  largest  dimensions. 
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Tlie  two  principal  })irces,  AA,  Ficf.  53,  are  bent  so  as  to 
form  a  part  of  the  arms  or  flukes ;  the  other  four  are  formed 
into  a  hollow  square  frame  or  tube  HH»  for  a  centre-piece^ 
and  the  whole  are  firmly  welded  together  at  both  ends  of  the 
shank.   Figs.  56  and  57  are  enlarged  sections  of  the  shank  at 

the  tlotted  lines  S,  S.  The  intermediate  parts  are  secured  by 
means  of  strong  lioops,  so  that  every  piece  must  bear  a  propor- 
tionate strain.  Such  in  fact  is  its  strength^  that  both  arms 
have  been  broken  off,  by  means  of  the  testing  maehtne,  nHth* 
out  altering  the  shank  in  the  slightest  degree.  On  the  1  Ith 
June,  1829,  an  experiment  was  made  at  Gateshead  Iron 
Works,  in  the  presence  of  several  respectable  ship-owners, 
when  the  patent  anchor,  weighing  9  cwt.  i  qr.  4  lbs.  broke,  in 
anceessioti,  the  fbllowing  anchors,  on  the  old  construction^ 
witliont  receiving  the  least  injury^ iriz.  «tleof  lOcwt,  3<trft.4lb8. 
for  hempen  cables  one  of  lOcwt.  2qrs.  121b8.|  and  one  Cff 
12cwt.  41b.  fur  chain  cables. 

The  plan  by  which  the  patent  anchor  may  be  stocked  or  un- 
stocked  in  a  few  minutes,  without  the  assistance  of  a  carpenter, 
will  no  doubt  be  considered  a  strong  recommendation,  as  a 
considerable  length  of  time  is  required  to  stock,  an  anchor  in 
the  usual  way  with  a  wooden  stock. 

These  plans  have  been  examined  by  many  eminent  engineers, 
amongst  whom  are  Messrs  Maudslay,  Fulton,  Seaward^  Le 
Marchant,  and  Bramah;  from  whom^  and  from  numerous 
other  gentlemen  in  every  way  competent  to  judge  of  their  me- 
rits, I  have  received  highly  satisfactory  certificates.  I  am'  also 
happy  to  say  that  the  Navy  Board  has  just  ordered  an  anchor 
for  a  46-gim  frie^te,  to  be  constructed  on  my  plan,  at  Wool- 
wich ;  and  there  are  several  in  use  on  board  coastecs  belonging 
to  Newcastle,  Shields,  and  Waterfbrd  $  and  in  all  cases  I  have 
received  the  most  favourable  accounts  of  their  holding  poWer. 

E  i  fract  from  Mr,  John  Gray's  Specification  of  an  improved 
Method  of  Coiqiermg  ShljiS*  Bottoim. — My  improved  method 
of  preparing  and  putting  on  copper  sheathing  fqr  shipping. 
Consists  in  piercing  nail-holes  through  the  copper  sheathing 
(in  a  particular  manner  hereinafter  to  be  described)  in  order 
to  receive  the  nails  by  which  the  cbpper  sheaething  is  to 
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be  fastened  to  the  bottom  of  the  ship ;  those  nail-holes  being 
disposed  in  rows  at  regular  distances  apart,  along  one  side 
aiid  across  one  eiul  of  the  border  of  each  slieet,  and  other 
holes  being  dispersed  over  the  middle  part  of  that  side  of  the 
copper  which  is  to  be  outwards  when  it  is  put  on  the  ship) 
by  causing  such  a  depression  of  the  copper  around  each  of 
the  nail-holes  as  will  form  suitable  countersinks  to  receive 
the  heads  of  the  nails  by  which  the  copper  is  to  be  fast- 
ened to  the  bottom  of  the  ship ;  the  same  depression  of  the 
copper,  from  the  outside  also,  making  a  prominence  around 
each  nail-hole  at  the  inside  surface^  which  is  to  be  applied  to 
the  bottom  of  the  ship  i  and  those  prominences,  by  entoriipg 
Into  the  surfiice  against  which  the  copper  is  applied,  will  cause 
it  to  adhere  more  tirmly.  That  portion  of  tlie  copper  around 
each  nail -hole,  which  is  so  depressed  from  the  outside  and  ren- 
dered prominent  at  the  inside,  being  hardened  by  the  pressure 
given  to  it  between  hard  steel  surfaces  in  the  operation  of 
piercing  the  said  nail-holes^  which  operation  I  perform  by  one 
or  other  of  two  simple  maclunes.  ^  -v*^: 

Observations  communicated  by  the  Patcnlec. — Tlie  advan- 
tages proposed  to  be  gained  by  the  new  mode  areas  follows 
1.  The  ship's  bottom  has  a  perfectly  even  surface  by  the  nail- 
heads  (of  the  ordinary  sort)  being  quite  buried  to  the  exact 
level  of  the  sheety  consequently  there  is  no  interruption  at  all 
to  the  progress  of  the  vessel ;  and  should  she  become  foul  from 
lying  long  in  harbour  or  otherwise,  she  may  easily  be  hogged 
without  the  risk  of  drawing  a  single  nail.  2.  In  the  ordinary 
mode,  the  countersunk  nail-heads  have  a  projection  beyond 
the  surface  of  the  sheet,  consequently  this  causes  a  play  of  eddy 
water  rouu^  it,  and  the  copper  ttfereby  becomes  the  quicker  de- 
stroyed, as  may  be  observed  in  old  sheathing  on  those  particular 
spots.  3.  Tlie  sheathing  is,  beyoiid  comparison,  more  strongly 
jixed  than  in  the  common  mettiod,  because  both  the  over  as 
well  as  the  under  lapping  sheets,  must  be  forced  into  the  plank, 
by  the  cavity  formed  on  the  upper  sheet  for  receiving  the  coun- 
tersunk part  of  the  nail,  which  thus  completes  the  even  surface 
of  the  whole. 
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Aet.  XVlll^C^i^mm*s  Work  on  Ships  of  Wiar,  iranstated 
from  the  Swedish,  by  Wm.  Morgan,  of  Ws  Majesty'$ 
Dock-yard  at  Sheer n€ss» — (Continued  from  page  166.) 

Chap.  IV. — Shows  the  Manner  of  making  the  Construction' 
element,  so  that  the  direction  of  the  diagonals  which  form 
the  Sh^'e  qfter^^wfy  may  agree  with  the  reUsucationrUne. 

12«  When  the  lengthy  I,  of  the  ship  at  the  water-line,  and  the 
breadth,  B,  are  knowa  from  the  displacement  hf  the  method 
just  described^  the  next  step  is  to  find  the  depth  of  the  con* 
struction-elemeiit  and  the  form  which  the  ship  should  have  in 
the  water,  that  its  ceritre  of  e^ravity  may  he  properly  situated 
loDgitudinally,  and  that  the  relaxation-line  may  at  the  same 
time,  as  fur  as  possible,  be  applied  in  the  formation  of  the 
abip's  after-body. 

This  cannot  be  determined  without  much  inyestigatkm, 
because  a  ship's  quarters,  whose  fiilness  is  detrimental  to  the  _ 
well^saiiing  of  a  ship,  depend  on  the  proper  application  of  this 
line;  and  as  the  largest  ship  should  necessarily  have  the 
fullest  quarters,  it  is  requisite  to  adopt  those  of  a  ship  of 
1 10  guns  in  this  fmrestigation,  whose  fhlness  abaft  is  dimi- 
nished as  much  as  so  ^eat  a  body  and  upper  works  can  admits 
without  losing  too  much  of  its  bearing  at  that  part. 

As  the  i«toatioii*line  should  be  as  nearly  as  possiUe 
perpendicular  to  the  curvilinear  form  of  the  sections :  that 
is,  the  middle  or  construction-diagonal  BI  (Fig.  68),  as  well 
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as  the  other  diagonals  on  the  after  body-plan,  as  far  as  circum- 
stances permit)  should  be  placed  at  right  angles  to  the  contour 
of  the  sections  ;  it  is  found,  that  for  all  line-of-battle  ships^  it 
miist  make  an  ang;le,  FE^  of      if,  with  the  vertical  line. 

It  must  be  observed,  that  the  len|[^  /  is  the  constmodon- 
length  of  the  ship's  body  at  the  water-line,  and  is  also  the  true 
length  of  the  water-line,  when  the  rake  of  the  stem  is  incon- 
siderable |  but  if  it  is  great,  the  true  length  of  the  water-line 
between  the  rabbets  of  the  stem  and  stempost  must  be  in- 
creased tbrward  by  a  quantity  =  - 1- ,  that  the  bow  constructed 

according  to  the  proposed  method  may  obtain  its  j)roper  form. 
Thus  the  whole  length  of  the  water-line  between  the  rabbets 

120 

of  the  stem  and  sternpost  is  =  I. 

Let  L  express  the  length  of  the  upper  WBter*liiie  beliveen 
the  rabbets;  draw  the  line  A  C  =  i  L  (Fig.  58),  from  Cdraw 
the  perpendicular  line  C  D,  produced  |  and  let  radius  I  tan- 
gent of  13^.  17'  A  C  :  Co,  and  draw  Aa,  then  Aa  is  the 
direction  of  the  relaxation-line,  wlien  the  water  is  siipposed  to 
flMb  along  the  said  diagi^nai,  incyned  nt  an  anglei  of  27*'d'  to 
Che  vertical  line  in  the  body-plan. 

Nevertheless^  as  the  intended  method  of  construction  requires 
that  its  diiection  should  be  ^wa,  when  it  is  viewed  perpendi- 
cnkriy  to  ft  vertical  Ime,  then  rad.  :  cos.  27*       €a  :  Ci% 
draw  Ah,  danAk  is  the  direction  of  the  rehixat]on*liiie»  wliick 
makes  an  angle  of  11®  52^,  when  it  is  seen  in  a  verucal 
direction  ;  and  this  is  the  direction  which  the  diagonals  of  the 
sections  should  have.    But  as  a  ship  straightens  immediately 
it  is  lansBhedi  that  isy  its  extremities  dmp^  by  which  its  shear 
is  tstraighteoedy  whidi  may  be  taisen  at  ^  psit  •of  the  length 
of  the  ship  at  the  water-Une,  and  the  contrary  curve  it  thetk 
assumes  may  be  considered  to  be  a  pai  aijola,  whose  exponent 
is  1,6,  when  the  subtangent  is  ^  part  of  the  same  length  i 
this  tangent  then  makes  an  angle  of  ^(^  with  the  former  tiae 
oftheship.  Whsnlhis  is  added  to  IP  i»2;  the  angle  C^4f 
4s  W  22';  hence       Is  the  direction  of  the  t«l«niCion4ine, 
w-hen  it  is  viewed  perpendicularly  to  a  vertieal  line,  and  is  the 

basis  for  the  anoas  6^  the  fieoions.  J&uttDolXwnitin  thediiec-* 
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don  df  the  lUagonal  Hue  H  /  (Pig,  88),  S^lJ^^^^ 

s  tau^  13'  or  =  the  angle  (74/. 

Aa  tim  true  line  or  coiiatnict}o»-diitg»Qal  on  the  iteer 
dftught  differs  but  little  from  the  line  of  Mctioaai  it  is  const" 
dered  quite  unnecessary  to  dimiDish  the  angle  of  the  direetuui 

of  Lhe  line  of  gecUQas  wjiich  should  a£terwajrds  be  fion^ 
^e  true  line. 

13,  When  a  ship's  body  is  Co  be  formed  with  gHren  dist 
placemen^  the  lengthy  breadth,  and  draught  of  water  being 
also  given,  it  is  evident,  that  the  fuller  the  ®  sectiofi  is  made^ 

the  sharper  will  be  the  extreniities ;  and  conveiscly. 

As  the  dimensions  of  a  ship  of  the  Hne  are  less  in  propqrtion 
to  its  displacement,  than  those  of  smaller  vessels,  the  0  section 
of  a  Mp  of  the  line  should  be  greater  in  proportion  to  its 
dimensions ;  but  in  order  to  diminish  the  effect  of  the  water 
abaft,  which  impedes  its  progress,  and  therefore  to  diminish  the 
quarters,  the  0  section  should  he  placed  further  forward  :  and 
as  the  after  part  is  thence  sharp,  the  displacement  would  be 
obtained  by  a  full  fore  body,  by  which  the  centre  of  gravity  of 

the  displtceQiewt  would  eom  too  frr  (vnn*^  vti«4  9^mm  pnt 

only  pitching  in  a  swell,  but  also  dppping  forward  under  sail, 

by  which  the  ship  loses  ni  its  course  and  in  readiness  of  coming 
about.  It  thus  becomes  the  object  to  give  a  proportionably 
full  0  section,  which  admits  of  eouttnaing  th#  AatueM^  withpu( 
having  too  full  quarters,  and  at  the  same  time  d9eii  not  eHUS|» 
l}ie  ^centre  of  gravity  to  come  so  far  forward* 

As  it  is  the  object,  to  give  to  all  ships  of  the  line  the  form 
abaft  which  will  conduce  to  their  good  sailing,  which  is  effected 
by  the  appUcatlon  of  the  r^laxatiourliue^  it  lias  been  (qnxnd  most 
proper,  to  suppose  at  first,  that  the  Qonstnictbn*e|eqi)ent  of  sjiipe 
of  the  line  (as  was  mentioned  in  §  1 1)  should  consist  of  two  parts, 
one  above  the  other.  The  upper  edge  of  the  lower  element  is 
supposed  to  coincide  with  the  water's  surface  A  B  (i^ig.  60) 
^nd  its  after  eud,  /4f  to  Jbe  ter/))inated  by  the  reiaxation-liue| 
AFf  Ifce  uppisr  element  is  |kpfucaUe|ppiped  of  the  san>e  breadl;b 
98  the  lower  und  nearly  the  saiqe  lepgth  XQ,  end  of  ^jich  a 
depth  X  y,  that  its  solid  content,  together  with  that  of  the 
lowir  ^i«n^^  paay  c;wiprise  tlie  whole  displacemejitj  both  toge- 

a  2 
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ther  being  regarded  as  one  body  or  element  A  Y XQLRHAm 
It  is  understood  thai  it  ia  the  upper  side  JIC  Q  of  the  paralieio- 
piped  which  now  lies  on  a'tevel  with  the  water  line^*^that  this 
bod^  has  the  same  breadth  as  the  S  section^ — that  the  breadth 

continues  parallel  from  one  end  to  the  other, — and  that  tlie 
ordinates  MF,  UKy  O  F,  &c.  (Fig.  Gl)  are  such,  that  when 
they  are  multiplied  by  the  breadth  of  the  body,  these  rectangles 
express  the  areas  of  the  sections;  consequently,  the  greater 
UK  Of  TD  is,  the  greater  is  the  area  of  the  ^  section. 

It  has  at  length  been  found  by  much  investigation,  in 
respect  to  the  application  of  the  relaxation-line  abaft,  1.  that 
the  ship  ought  to  have  two  0  sections,  the  one  TD  at  the 
middle  of  AB^  and  the  other  27iC  at  a  distance  DiT  before 

it  =  1^  ^  a,  andy  2.  that  the  depth  of  the  lower  part  IK 


Chap.  V,— To  form  the  Construction-element  of  a  Ship 

14.  Its  displacement  a  152875,  length,  J    207^9  ssAL, 

I  I 
s  1,74  a  /  »  Ir  jB,  hence  L  s  209^3,  li  s 


J119  ""^  

^  CD  =  IK=:  16,0,  B  =  56,27. 

Let  C  be  the  middle  of  the  line  A  B  (Fig.  58  and  59). 
From  this  point  draw  the  vertical  line  CD  (Fig.  58)  produced; 
from  C  set  off  CD  =  16,0  s  li,  and  from  the  point  D  draw 
the  line  D  E  parallel  to  A  C,  then  the  lines  DE  and  Ad  cut 
each  other  in  E.  From  E  take  EF  z=z  EDy  and  draw  F  D  5 
from  the  middle  point  G  of  this  line,  draw  GE$  let  jPG  s 
GD  be  tbe  ordinate,  and  QE  the  subtangent  to  a  parabola, 
whose  exponent  =  1,68  (in  ell  parabolas  the  abscissa  s/the 
subtangent  divided  by  the  exponent),  the  abscissa  Is  tlieu 
obtained  =  G  if,  by  which  the  parabola  is  easily  described. 

in  this  manner  the  section-line  AFHD  is  obtained  abaft 
the  aflter  ®  section.  It  is  called  the  section-line,  because  it  ia 
the  fbimdation  of  the  areas  of  the  sections.  Fram  Z)  set  off 
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6.^  DKm  59)  «       =-  «  -  12.687,  ^  d.«r 

JT/,  then  A  / is  the  foremost  0  section. 
;^  Divide  the  distance  CA  =s  104,66  (F1g«  58)  into  ten  equal 
putif  1,2^3,  Ay  5,  69  7,  8,  9>  and  draw  lines  perpendicular  to 
A  C,  then  these  are  the  stations  of  the  sections,  and  likewise 
the  ordinate  between  the  line  A  C  and  the  line  A  F HD  :  this 
%ure  will  be  general^  not  only  for  ships  of  the  line,  but  also  for 
fpgfiiff^,  when  the  relaxation^lines  are  used  ;  but  as  the  equa« 
iioil  Cfuittot  yet  be  given,  the  lengths  of  the  ordinates,  called  h, 
iBtre  taken  in  feet  by  scale,  and  inserted  in  the  following  table : 
and  when  h,  the  ordinate  of  the  0  section  for  the  same  ship 
or  frigate,  is  multiplied  by  the  number  in  the  column  E,  the 
kngtbs  A  of  all  the  ordinates  1,  2, 3^  4,  &c.  are  known. 


Ordinatei* 

Leng-ths  h  of 
the  urdinates 
of  a  &bip  of 
UO  gmu 

AH  the  ordinates  h  of 
the  sectioQS,  divided 
by  the  ordinate  Ji  of 
'  the  0  MCtiou. 

£. 

e 

16,00 

1,00000 

1 

15,89 

0,99312 

». 

0,9067S 

3 

14,66 

0,91626 

4 

i3>9a 

0^2500 

5 

11,33 

0,70813 

6 

9,19 

0,57434 

7 

€,90 

♦ 

0,43125 

a 

4,61 

0,28812 

9. 

2^1 

0,14438 

10 

 - 

0,00 

0,00000 

• 

The  distance  between  these  ordina^es^=^^^  J'Ja^^^ifie 
area  of  the  space  A  CD  HFA  =  10)55,31,  also  .  ,s  centre  of 
gravity  S  from  the  Im&^p^tM^^M^ )ieoihk^km 
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<the  two  ^  sections  CJ)^  IK^  =  203,2  (Fig.  S9)^  which,  t0g^ 

ther  with  1065^31  =^  12G8,51  =s  ^  \  ^^j^fl      ^^^^^^  common 

eentni  of  gravity  O,  abaft  the  after  0  sectidn  or  tine 

CD  —  30,5  =  ilf  0;  but  the  same  centre  of  gravity  is  abaft 

the  foramt  %  leetloa  »  48,175  «  ZO  m  ^^jjt'  ^ 

the  eentre  of  gravity  of  the  whole  plane  ALRKHA  be 
dtaated  at  1^  ^  4,4  feet  from  the  tiut  auction  or  6  JD, 
then  JV  O  as  30,5  +  4,4  =±  34,9,  which  multiplied  by 
1268,5  =  44270  =  M,  the  after  moment. 

Suppose  that  KRL,  the  foremost  end  of  the  element.  It 
a  parabola,  the  vertex  In  JT,  the  absoissa  KI  ^  h  ^  16, 

and  the  ordinate  J  L  ^  9  :ss  90,238.  It  now  becomes  neces- 
sary, to  find  the  exponent  n  of  this  parabola,  that  the  moment 
of  the  parabolic  spaee  KRLJK  from  the  common  centre  of 
gravity  N  may  he  s  the»momenl  M  of  all  the  remaining  purt 
from  the  same  centre  of  gravity  iV. 

From  N  to  the  $  section  iC/  =s  12,687  —  4,4  ssSJB  ssp, 

consequently  the  moment  itf  3=1?  H-  ^ 

2«  +  4  .  w+l  •  M  =i  2n  -\-  4  .  71  slip  4-  w  +  1  .  ns'  h. 
Leti^^h^  Q,  and^^li  =  M,  then  is  2ri' M  +  M -h  4  M 
as  2»>  Q  tf  4  »  Q  n*  12  +  nit,  whence 
2»>Q  +  ^i2  -  2fi*3f  +  4»  9  +  f>J2^6»iKf  ss4  Jf; 
put  2  Q  +  -  2  ilf  =  5,  and  4  Q  +  «  -  6  if  =  then 
nr  r»  T»^4ilf.  T 
"  "^."^  4^  ^  4^       "T"'  ^"2^"^ 

3  —  and  finally  n  =   ^  ^  .  When 

all  the  proper  values  are  inserted  in  the  expression,  the  expo* 
ment  n  =  2,432,  which  answers  for  all  ships  of  the  line; 
hence^j  =  2,432  .^38  .  16  ^  io23,l  -  the 

l|ef(^e  thefore^^'ost  ®  aec^on.  When  the  part  abaft  as  1268,5 
^is  aacfed  to  it,  the  area  of  the  whole  figure  or  lower  element 
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lower  element  for  all  ships  of  the  line.  The  diqplaceiaent 
152875  divided  by  the  breadth  56,27  =^  5  =  2716,8  j  wheo 

9291,6  is  subtracted  fron  this  quantity,  thore  raauna  425,2  ^ 

J}  • 

jg^Af  whieh  is  equal  to  the  length  of  the  parallelopiped  multi* 

|iied  intoits  depth,  by  which  Ais  lower  element  wiU  be  inonased. 

15.  Ai  the  ship  1ms  fioe  quarters,  the  lower  element  ia  also 
dhninished  abaft,  by  which  ^e  ditplaoement  is  decrcused  $  Uie 

parallelepiped  will  therefore  be  made  so  much  the  shorter  ac- 
cordingly^ and  it  has  been  found,  (b^-t  the  quantity  by  which  it 

is  shortened,  AY,  (Fig.  60)  may  be  =  jg-gg    ^  =  6,24.  If 

4lie  li^§fat  ^n^ia  put  fui  ^  and  tiio  wholo  after  part  of  die 
element  is  tapered  in  Midi  a  manner  that  the  area  of  the 

curvilinear  triangle  WAg  W  (Fi^.  62)  is  equal  to  the  area  of 
ihe  rectangle  IVY  sz  g  ,  then  nothing  ia  lost  in  the  dis- 
iplaoaneBt*  T\m  area  of  the  rectangle  of  the  paislkbpiped,  or 
the  length  of  the  body  JC  Q  «  /  ^  y  (F8g,  60)  multiplied  by 
jOie  height  X  If^is  esi^g.em  201,35  .  e  m  425,2, 

hence  e  =  2,112;  when  16  =  h,  is  added  to  tliis  quantity,  the 
whole  depth  of  the  body  at  the  0  section  ss  18,112  ^  TD 
=  ic,  which  multiplied  by  B  ^  56,27  .  48,112  =  m 
tbe  area  of  the  S  cfectioh. 

As  the  lower  element  fiom  the  Ibiemoat  0  sectioir  forward 
is  formed  by  a  parabola,  the  same  end  of  the  whole  element 
will  also  be  formed  by  a  parabola,  whose  ordinate  s,  abscissa  lc, 
and  exponent  are  f  ound  in  table  No.  15,  by  which  it  is  easily 
calculated  and  drawn,  as  iCFQ;  but  it  is  continued  to  the 
rabbet  of  the  stem,  aakS*  The  ordinates  of  thi^  line,  called 
k,  multiplied  by  the  breadth,  B,  give  the  areas  of  the  sections 
of  the  fore  body. 

When  all  the  vertical  ordinates  of  the  plane  Wg  FHD  K 
Vk  SWaie  multiplied  by  the  greatest  breadth,  By  of  the  body 
or  ship,  the  areas  of  the  transverse  sections  are  obtained,  and 
thence  the  element,  whose  solidity  is  equal  to  the  displacement 
of  the  ship,  and  whose  centre  of  gravity  is  before  the  niiddle 
a  distance  =  a  ^«  ^ee  the  last  line  of  the  table  just  men- 
tioned* 
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The  reason  why  Uie  parabola  is  used  in  forming  the  fore  part 
of  the  ahip  is  this :  when  the  lureas  of  the  foremost  sections 
have  been  calculated  from  the  draughts  of  many  welUbuilt 
ships^  and  these  areas  have  been  divided  by  the  greatest 

breadth  of  the  ship  at  the  water-line,  a  curve  line  has  been 
accordingly  described^  which  nearly  coincides  with  a  parabola^ 
the  vertex  being  at  the  0  section^  and  the  ordinates  drawn 
from  the  upper  water-line^  whose  exponent  is  higher  or  Jower 
as  the  ship  is  fuller  or  sharper.  The  parabola  has'  never 
reached  to  the  rabbet  of  the  stem  by  a  foot,  or  nearly  a  foot 
and  a  half,  witliout  being  given  at  the  foremost  end  a  con- 
trary flexure^  on  account  of  the  rake  of  the  stem. 

Hie  construction-element  of  a  ship  is  at  length  obtained 
of  the  same  magnitude  as  its  displacement^  whose  lei^fth  is 
eq^al  to  the  length  of  the  ship  at  the  water-line,  and  whose 
breadth  is  equal  to  the  breadth  of  the  ship  at  the  water-line 
in  midships^  and  of  such  a  fornix  that  the  areas  of  all  the 
sections^  1,  2,  3,  &c«  are  equal  to  the  areas  of  the  sections 
of  the  ship  at  tbe  corresponding  stations;  consequently^  the 
centre  of  gravity  of  this  element  is  situated  longitudinally  at 
the  same  place  as  the  centre  of  gravity  of  the  ship.  This 
will  be  best  understood  by  reference  to  the  following  table 
No.  15. 

In  this  table  every  thing  b  found  which  is  necessary  to  eom- 
tnenoe  with  the  drawings,  after  the  rake  of  sternpost  and  " 
curve  of  the  stem  ai  e  de  lei  mined. 
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16.  On  the  stem  and  atemposU  The  stem  has  the  rake, 
which  is  ahowD'on  the  draiight»  for  this  reason :  that  the  bow 
may  have  a  suffioient  flare  above,  to  throw  off  the  sea  at  the 

sides,  which  rises  against  It  in  consequence  of  liie  ship's  way. 

The  stem,  beine:  very  straight  at  the  lower  end,  is  morticed 
into  the  kieel  like  the  sternpost^  and  is  secured  to  the  keel  in 
the  same  manner ;  and  as  this  method  is  stronger  than  any 
other,  it  must  be  the  best*  See  the  sheer-draught  of  a  slup 
of  74  guns,  plate  V.  A,  It  is  eosstmeled  for  all  ehips  of  the 
line  in  the  following  manner  : 

The  foremost  end  of  the  water-line  is  the  after-part  of  the 
rabbet  of  the  stem*  Set  off  from  this  place  on  the  water-iioe 
produced^  a  distance  of  five  feet^  and  through  this  point  draw 
a  line  at  right-angles  to  the  water-line,  both  above  and  below 
it;  set  oiF  Oil  this  perpendicular  above  the  vvator-line  a  distance 
i3$  25  feet,  and  through  this  point  draw  a  line  parallel  to  the 
water-line ;  then  this  point  is  the  vertex,  and  this  line  the  axisj 
of  a  conic  parabola,  whose  abscissa     s  5,  and  ordinate 

y  =t  25,  consequently  a?  ss  Draw  this  parabolic  line 

from  the  vertex  to  the  keel. 

The  position  of  the  bowsprit  determines  the  height  of  the 
stem  above  the  water-line,  and  the  distance  of  the  keel  bejow 
the  water-line  determines  the  lower  end  of  the  stem.  This  ia 
better  seen  in  the  draught. 

The  steh^t  The  after  end  of  the  water-line  is  the  fore 
side  of  the  rabbet  of  the  sternpost,  and  its  rake      6^  25', 

The  sheers  of  the  deck,  wale  and  height  of  breadth  linOy  are 
as  shown  on  the  draughts.  The  height  of  the  trausGOi  deter- 
mines itself. 


CfliiP.  VI, — To  form  the  Load-water  Section^  and  the  Fian 

qf  the  Jiaff 'breadth  lane* 

17.  In  forming  the  load -water  section  the  following  conn- 
derations  must  be  attended  to 

When  a  body  whose  specific  gravity  is  less  liian  that  of 
water^  is  wholly  immersed  therein^  it  is  immediately  raised 
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by  the  force  of  the  water  so  much  above  the  watef's  sttrfaoe^ 
that  the  pait  left  below  the  surface  displaecs  a  Yohime  of  water 
equal  to  the  body^a  weight  |  and  the  whole  foice  of  the  water 
to  counteract  any  force  which  tends  to  change  the  position  of 

a  body  lying  at  rest  in  the  water,  is  re  a  test  at  the  \vater*s 
surface.  It  is  also  known  by  a  common  rule^  that  the  }^awer 
of  Uie  water  to  preserve  a  body  in  its  horicontal  poeHion,  is  is 
the  length  of  the  body  multiplied  into  the  cube  of  its  breadth 
at  the  surfiwe  of  the  water;  thus  the  fofce  is  greatest  at  the 
surface  of  the  water;  consequently,  the  greater  the  extent  of 
the  water-section  of  the  body^  the  greater  is  the  force  of  the 
water  to  preserve  it  in  its  quiescent  state ;  therefore  the  water's 
anr^m  is  the  basis  or  fbuDdatkm  for  all  bodies  floating  on 
the  water. 

Tlie  load-water  section  is  thus  the  most  important  element 
in  the  whole  construction,  becauj>e  the  stability  of  a  ship 
depends  principally  on  it ;  consequently^  all  calculations  which 
concern  either  the  part  below  or  above  this  basis^  must  be 
made  from  the  water's  surface,  or  the  water-line. 

As  the  length  and  breadth  of  the  load-water  section  are 
given  for  all  the  five  line-of-battle  ships,  it  is  its  form  for 
each  ship  which  remains  to  be  found.  And  as  each  end  of 
this  section  will  require  a  different  construction^  the  part  firmn 
the  foremost  0  section  to  the  stem  will  be  given  first. 

18.  To  comtruct  the  paart  qfthe  kad-wUer  ieeiwn  hrfare 
the  foremoH  S  section. 

Let  CA  (F\(r,  63)  be  the  middle  line  of  the  ship.  CT  = 
AB  =  the  greatest  half-breadth  of  the  water-line.  Draw 
TB*  Let  CA  be  the  distance  from  the  foremost  0  section 
to  the  stem,  and  divide  this  distance  into  10  equal  parts. 

As  tlie  side  of  the  ship  between  the  two  ®  sections  is 
straight,  and  tliis  straighttiess  should  not  continue  further,  the 
breadth  of  the  water-line  is  diminished  part,  IT,  Draw 
the  line  IK  parallel  to  C  A,  and  put  this  diminished  half- 
breadth  =  a,  which  increases  from  the  section  No,  4,  till  it 
again  resumes,  its  full  breadth  at  the  S  section. 
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Tablb  No.  16« 


1 

HalM>iwulth.«,.iJB«  

94 

80 

74 

66 

28^135 
27,994 

26,^ 
26,53 

25,46 
25,53 

24,755 
24,631 

24,23 
84,11 

It  »  found  that  the  water^ine  Hat  a  ship^f  110  and  »  Mp^ 

of  74  guiis,  is  properly  formed,  when  its  breadth  EG  the 
7th  division  from  tbe  foremost  ©  section  to  the  stem  is 
24,4  =3  «  foi*  a  ship  of  UO  guns^  and  21^02  »  c  for  a  »bip 
of  74  guns;  and  when  tbe  breadth  of  the  generating  para-^ 
hola,  according  to  which  the  outer  line  Is  cdnstmctedy  tof  the 
same  place  is  =s  23,1  =  b  =  ^JiT,  and  19^9  =»  *j  whence 
C  and  ^,  at  the  7th  division  (for  all  the  five  ships),  are  known 
by  thfi  foUowiog  rule:— -When  the  exponent  is  put  ^ 
log,  c  -  log>  g  _  log>  24,4  ^  hg.  2\fi2  _  ,  -g. 
log.  a  -  log.«       log,  27,994  -  log.  24^1'  "   '  * 


a 


whence  e  =  X^^  j  *         exponent  v  of  the  parabola  is  » 

log,  b  ~  log,  b  _  log.  28,1  log.  19,99  «  i  i  o 
log.  a  -  log.  m  "  log.  27,994  -  log.  24,681  ' 


whence  b  s 


,1,13 


1,8688* 


Ta«ub  No.  17* 


i 

110 

94 

80 

74  . 

66 

a  MM  CI 

27,994  ' 

26ifi39 

2S,aS9 

24,631 

34419 

BreadlSi  of  wstcr-lineBt'l 

24^409] 

22,929 

21/17 

21,020 

29,503 

Breadth  of  parabflft  atl 

7tlidiir.  JTi?../ 

23,199 

21,745 

20,632 

19,990 

19,51^ 

Hence,  abicissa  of  parm- 1 

4,894 

4,785 

4,698 

4,641 

4,597 

Digitized  by  Google 


Table  No.  18. 

Ordkuttes  of  t/w  upper  Water-lim  before  the  foremost 


"  "                       ©  Section. 

Riilfs  fij  find  the  abscissa,  x,  of  the 
gaawftlgig  parabola,  and  the  ordi- 
nitai  c  of  the  line  constructed 

»'  .  j       ■  -  '    1   '  '  ' 

2/ 

Ordinatei 

of  the 
wate;r-Iine 
•    t  - 

Li 

TUb  tiyoaeiit  of  the  parabola, 
^     log.  27,994- log.  4,894 

the  exponent  of  the  line 
I    poDstructed  accordingly  u 
log.  27,994  -  log.  24,4 
^  log.  27,994  ~  I02:.  2H,1 
=  0,71B,  whence  tho  uixli- 
nate  v  =  2,4>b47  ^'^•/'i. 

10 

.  8  . 
7 
S 
5 
4 

27,UUi 

16,724 
9|4»2 
4,894 
2^ 
04M4 
^  0^17 

• 

8^ 

11,270 

23,100 
25^691 

1 

27,677 

0,000 
9^ 
14,606 

20i892 

24,400 
26,327 

1 

27^15 

94  1 

Tke  C|pq^a««  «f  ^  pttdbolai 
,      lo|f.36,53  - log.  4,785 
i  ^  *      log.  10  -  log.  7 
.    i«(  ^Q2y  whence  the  ab- 

the  exponent  uf  iLe  line 
constructed  accordingly  v 
•    '     k^.  26,SS  —  log.  22,92 
log.  26,53~-  log.  21,745 
m  fjrftS4»  whence  tbe<ordi> 

1 

9 
8 
7 

6 

5. 

4  ' 

26«&3d 

ld,996 
9,086 
4,785 
2,282 
0«951 
^,896 

10,634 

17,444 
21,745 
24,248 
2&,&79 
96,904 

8,664 

13y451 

22^920 
24,832 
25^827 

26,290 

'1 

80 

riyn -J-  i 

The  exponent  of  th»  i  :ii  Hl)i>la, 
f         log.  25,33  —  log,  4,Giii 
:     ,  ^  ^  log.  10  —  log.  7 
^  4,724,  whence  the  ab- 

f       ^og.  2r>,.33  -.  log.  21.717 
P*  '  *  log.  25,33  -  log.  20,632 
'srr  0,7S02,  whence  the  OiiU 
IMite«     2,242  6«t7d», 

1  10 

Oi 

9 
8 

7 
G 
« 

4 

25,330 
1  a  ofiA 

15,3yi^ 

4,698 
2,268 
0,958 
0,334 

u.uoo 

d,4uu 

9,931 
IWi 
20,632 
23^062 
24,372 
24,996 

u^ooo 

a  AAA 

0,11  VO 
12^8 
18,367 

2i,;i7 

23,609 
24,608 
25^000 
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Tablb  No.  18.— (con^mtMtf.) 


Gam. 

Rales  to  flod  the  absritsu,  t,  of  the 
generatiog  parabola*  aad  the  ordi- 

MilM  «  -«r  6m  Ik*  wrtmated 

Ordioate» 

ofOlA 

e 

f 

b 

t  A 

74 

■ 

Tbe  eiponent  of  llieptnbola* 
^  loff.a4^31-]off.4,641 
^    lof.  10  —  loff.  7 

scissa,  Xm  «=         ^,  and 
1943.0 

the  exponent  of  the  line 

constructed  accordingly  v 
_  log'.  24,631  —  log.  21,02 
*"  lofr.24,63i  -  log.  l'J,y9 
=  0.7593,  whence  the  ordi- 
nate  c  =  2,l0ii4  o"»7sw. 

10 

9 

a 

O 

7 

D 

5 
4 

24,631 
19,376 

■ 

15,044 

8,669 
4,641 
2,256 
0,961 

0,338 

0,000 
5,255 
9,687 
15,962 
19,990 
22,375 
23,670 
24,293 

0,000 

7,622 

17.719 
21,020 

24,374 

Toecxponent  of  the|Munibola, 

10 

24,110 

0,000 

0,000 

log.  ^4,11  —  log. 4,59/ 

5,113 

7,350 

log.  iO  _  log.  7 

9i 

18,997 

s  4a64fi.  whenrp  the  tib- 

Q 

14,777 

9,333 

Ai,0«H( 

-  IBM, 8- 

8 

8,549 

15,561 

17,240 

66 

the  exponent  of  the  line 

7 

4,597 

19,513 

20,503 

constructed  accordingly,  v 

log.  24,11  —  log.  :20,503 

6 

2,246 

21,864 

22,370 

"joiT*  24,11 -lop.  19,513 

0,963 

23,147 

23,369 

a-  0,766,  whence  the  ofdi- 

5 

nate  c  »  2,1059 

4 

0,341 

23,769 

19.  7b  c&n»truet  the  pari  of  the  load-water  aeetkn,  ahafi 

ike  foremost  ®  section. 

Let  CD  (Fig.  64)  be  the  middle  line  of  the  ship.  CTsa 
JD  B  ss  the  greatest  half-breildtb  of  the  water*Hne  $  draw  TB. 

Let  D  C  be  =  the  distance  from  the  sternpost  to  the  foremost 
0  section,  and  divide  this  distance  into  10  equal  parts  ;  let  II 
be  the  7th  division  from  the  0  section.  As  the  water-line 
must  not  contintte  straight  in  midshipo  too  far,  the  half-lmidth 
18  dimmished  xh  P^xt  ^  Td,  and  draw  the  line  de  parallel 
to  CD. 
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Suppose  ThF  to  be  the  form  of  the  water-section  continued 
to  and  that  dhFE'iBa,  parabola  with  the  vertex  in  let 
the  distance  Cdm  Dehe  ^  e,DJE  b,  which  are  expreoed 
for  ships  of  110  and  74  guns  by         and  b,  then 

c-  :  c-::b  :  d,  hence  u  -  |og'^-|^-^  - 

'  log.  c  —  log.  c 

log.  15,00  -  log.  11,833  ^  .  o-o.  th^tr  A  ^  _ 
log. 28,065  -log.24,(i93  *'*^'*^='5^ 

DE  for  all  ships.  Vnt  the  abscissa  for  ships  of  110 
and  74  gans  =s  w  and  fe%  and  the  abscissa  FG,  for  ships 

of  1 10  and  74  guns  =  x  and then  W  :      ::  x  :  a?,  hence 

—  l^g-  X  -  log.  ^  _    log.  3,49  -  log.  3,48    _  ^ 
log.  w  -  log.  w     log.  13,065  -  log.  12,86 

also  « 2,mQ .  t&^.'A!^.t  ^or  the  7th  section  of  aU  shipa. 


Vol.  lit.  R 
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Tabu  No.  19. 

The  foreamt  part  of  the  Ordtnates  of  the  ioad^ater  section. 


Half-bretdtb  -  fj?  * 

HalMMreadthdiminlthedbj^l 
part  ^  D  e  m  e  ••••  ••••••  / 

EB^^^l  

32,163 

Ee    c  —  b  =  w  •••••• 


At  the  section  7t  ^  F«>  1 
2,1896. m  sj 


beoce  x  = 


lo^,  10  —  loo;,  7 


} 


110 


28,065 
15,000 
13,065 
3,490 


26,593 
13,575 
13,018 
3,488 


$0 


25,46 

25,396 
12,464 
12,932 
3,484 


74 


24,755 

24,693 
11,833 
12,860 
3,480 


G6 


24,169 
11,408 
12,7«l 
3,475 


9^ 


When  the  distance  from 
the  after  eud  of  the  water* 

line  to  the  foremost  ^sec- 
lion  i-;  divided  into  10  equal 

pait^,  the  following  arc  the 
correipouding  abscisss* 


10 
9 
8 
7 
6 
5 


13,065 
8,846 
5,721 
3y490 
1,973 
1,005 
0,440 


13,018 
8,822 
5,711 
3,488 
1,974 
1,007 
0,442 


12,932 
8,778 
5,693 
3,484 
1,977 

0,445 


12,860 
8,741 
5,677 
3^ 
1,978 
1,014 
0,448 


12,761 
8,690 
5,655 
3,475 

1,019 

0,451 


Parabola  or  half-breadth 
of  the  water- sec tiou  from 
the  middle-line. 


10 
9 
8 
7 
6 
5 
4 


15,000 

19,219 
28,344 
24,575 
26,092 
27,060 
87,685 


13,575 

17,771 


23,105 
24,619 
25,586 
86,151 


12,464 
16,618 
19,703 
21,912 
23,419 
24,385 
84,951 


11,833 
15,952 
19,016 
21,215 
28,715 
23,649 
94,245 


11,408 
15,479 
18,514 

20,694 
22,188 
23,150 
98,718 
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Tama  No,  20« 

n/orm  ike  4fi€r  part  qf  the  Loai-m^kr  8e^t^  fi^ 

Qfusriere*  • 


lip 

94 

66 

Put  J3  i  ^  gf  %ud  a  =?  tlie  dj^tpf^  fee- 

JB 

■ 

.  k 

26,66 

26yi6 

24,23 

^oesr—\o^'G    losr.  12,20 -loff.  10,65  ") 

il,t8 

11,84 

23,46 

7,26 

22,23 
6,27 

6;47 

20,36 

* 

4,98 

19,89 
4,61 

-Oi»  „  

V8 

2,65 

2,381 

2,21 

2,079 

The  constniction  is  made  agreeably  to  this  table*  Draw 
D  /.  From  the  pomt  L  draw  LPf%  tonyt  to  the  curve-line 
FM;  take  Dif  s  KE,  ami  draw  LM,  ^d  from  F  draw 
iVP  to  the  pniddle  point  ef  tiie      L  M.  iVewgfc  the  point 

O,  at  the  distance  {  P  N,  draw  ^he  tauigent  QR  parallel  to 
LM.  Between  the  tangents  X?,  QM»  a»d  MP,  draw  the 
parabola  L  Q  M;  then  the  form  tl|is  |i&sr  <^  of  the  water- 
lipe  ia  conufdeted*  Th^  form  of  the  water-)ine  a^rdiug  to 
this  conatriaction  is  dhFLO MD;  1>ut  as  this  is  drawn  by 
the  diminution  of  part  of  the  breadth,  a  curve-line  Uh  is 
drawn,  wliieh  taui^tuis  the  Kne  BTin  U,  »,nd  touches  the  para- 
bola in  h,  ^t  t^  4th  divi^iipfi)  then  TUhFLQMD  is  the 
form  of  the  jofid-walcar  fsction  abaft  the  foreu|ost  ^  seetiom 


a2 
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20.  To  form  the  plan  of  tJie  imlf -breadth  line  from  the 
foremoit  0  seciion  to  the  place  where  the  height  qf  breadth 
me^theeiem* 

if 

The  same  manner  is  adopted  in  the  fonnaUon  of  this  iine^ 
as  of  the  foremost  part  of  the  water-Hne|  that  is,  the  ilistance 
Irom  the  foremost  0  section  to  the  place  B  (Fig.  65),  where 
the  half-breadth  meets  the  bttm,  is  divided  into  10  equal 
parts ;  the  half-breadth  is  diminished  sijg  P^^  ^ 
pot  ME  s  a;  let  HLB  be  the  generating  parabola^  with 
Its  Tertex  in  A  It  has  been  found  by  experience  that  at  the 
8th  ^Tision  from  the  0  section  E  the  abscissa  OL  for 
ihips  of  1 10  guns  must  be  =  10^487  =  (ff^  and  the  ordinate 

KLsbSs  jf,  also  ss^^.   

As  a  89  27,994,  a  ^  tf  ^  17,507  s  h;  and  it  has  been 
iDvnd  .that  the  breadth  MN  of  the  half-^bieadth  line  at  tKe 

8th  division  should  be  s  21,85 'as  c;  then  the  exponent  of 

the  breadth-liue  v  =  "^'f.^Z,  =  0^182, 

log.  27,994  —  kg,  17,507 

and  hence  the  length  of  the  ordinates  c  =  4,957  • 


X 

Ordinate 

10 

0,000 

H 

22^338 

5,656 

12,166 

* 

9 

17,609 

10,365 

r6»669 

8 

10,487 

17,507 

21,850 

7 

•  22,166 

24,692 

6 

2^57 

25,037 

26,300. 

5 

1,326 

26,668 

27,174 

These  ordinates  detenmne  the  breadtli*line  no  further  aft 
than  to  section  5,  whence  it  is  drawn  to  tlie  0  section^  where 
it  coincides  with  the  breadth  of  the  water-line. 
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Onfmmg  the  haff-hreaeUh  Une  abi^  the  uftenmt 

0  Stciloiu 

The  distance  from  C  to  -4  is  divided  into  10  equal  parts;  the 
half-breadth  from  the  0  section  to  section  3,  is  equal  to  that  of 
the  water-line ;  but  abaft  this  section  it  ;uns  out,  so  that  at  A 
the  after  end  of  the  water-line^  the  half-breadth  is  0^7  the  half- 
breadth  in  midships.  The  abscissa  P  Q  =s  8,44  »  or,  and  at  the 
4th  division  the  abscissa  li  S  =^0^3  =  x;  hence  the  exponent 

of  the  ordinate  y,  v  =  *  =  '°f  "'f^  "  ^ 

log.  y  —  log.  y        log.  10  —  log*  4 

=  2,571,  and »  =  thus  3^ B      s=    the  ordinate  of 

the  bf  eadth-line,   -  • 

From  these  expresrions  for  the  values  of  the  ordinates  e  and  b. 
op  the  fore  and  after  parts,  the  ordinates  of  the  half-breadth 

of  all  ships  of  the  line  are  obtained,  in  proportion  to  their 
breadth  in  midships;  that  is  to  say,  that  tlie  plan  of  the 
breadth-lines  of  all  uhips  is  similar,  both  before  and  abaft 
the  ®  section* 


9 

X 

OrdiDAto 
h 

jm  10 

19,70 

9 

6,44 

21,70 

8 

4,75 

23,19 

7 

3,37 

24,77 

6 

2,37 

25,17 

5 

1,42 

26,72 

F  -  4 

X  »  0,80 

27,34 

000 

28,135 

Chap.  Vll. — On  the  form  of  the  ^  Sccllon, 

It  is  said  in  §  17)  that  the  load-water  section  is  the  most 
iin|k>ttant  element  in  the  whole  coiistniction^  becau^  the  sta- 
bility of  the  ship  depends  principally  on  It ;  ihe  form  of  ^he 
0  section,  hoteever,  aDecto  also  the  stability  of  the  ship.  Iliis 

leads  to  the  consideration  of  a  circumstance  which  must  be 
attended  to  in  the  construction  of  the  $  sections  of  ships  of 
tile  line. 

♦ 

Theni  has  generally  been  vat  other  difference. of  form  below 
the  water,  between  a  eliip  of  the  line  and  a  merchant  ship^ 

than  Uiat  the  1  Litter  is  fuller,  in  order  to  carry  a  great  lading"; 
or  that  the  former  is  sharper  in  the  water;  that  is,  has  a  de- 
crease in  the  displacement;  but  where  this  ^ecteme  should 
take  place,  in  order  to  render  a  ship  of  the  line  a  good  sailer, 
remidnd  ta  be  eonsid^d* 

The  cireumitanCes  in  which  these  ships  differ  so  Widclj^ 
from  each  other  have  not  been  properly  con^^idered,  nor  thfe 
casualties  which,  during  a  voyage,  befal  ships  fitted  for  such 
dissimilar  pnrposes.  A  i»bip  of  the  line,  in  cdnsfeqnent!^  df  its 
heavy  armament,  has  its  centre  of  gravity  commonly  a  little 
above  the  water-line;  but  a  merchant-ship  has  its  centre  of 
gravity  nearly  always  below  the  water-line.  The  weights  which 
are  above  the  water  in  the  former,  never  undergo  any  change, 
either  in  quantity  or  situation ;  but  the  weights  which  are  below 
the  water,  n|unelyi  provisions  and  ammunition,  undergo  a  con- 
tinual change. 

Suppose  the  case  of  a  ship  of  the  line  being  at  sea,  and 
having  consumed,  for  example,  three- fourths  of  the  provisions 
and  ammunition,  it  then  happens,  1.  That  the  centre  of  gravity 
of  the  ship  and  lading  is  removed  higher  up  in  the  ship  than 
it  was  at  iitst ;  and  2.  That  the  ship  itself  rises  considerably 
higher  out  6f  the  water,  whereby  the  centre  of  gravity  of  the 
ship  and  lading  rises  higher  above  the  water,  than  the  ship 
itself  rises;  but  the  metacentre  is  nearly  at  the  same  place  in 
the  ship  as  before,  by  which  the  stability  is  much  diminished^ 
which  in  ships  of  the  line  is  a  great  fieuilt.  In  the  merchaot* 
ship  the  case  is  very  different :  its  lading  is  constantly  below 
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the  mtor  hi  the  hole!,  find  fs        monA  daring  the  voyage. 

When  the  water  and  provisions  for  the  crew,  which  are  about 
one^third  as  much  as  for  a  ship  of  the  line,  and  constitute  a 
wei^^t  always  above  the  water,  are  chiefly  consumed,  the  centre 
of  gravity  becomee  lower  in  the  ship  than  before,  but  the  ship 
rises  out  of  the  water  a  height  corresponding  to  this  redacdon 
of  weight ;  and  as  the  metacentre  does  not  lower,  the  distance 
between  the  metacentre  and  the  centre  of  gravity  becomes 
greater,  and  consequently,  at  the  conclusion  of  a  voyage,  the 
ehip  has  gained  instead  of  having  lost  in  stability.  Thus  the 
form  of  merchant-ehips  does  not  require  any  particular  consi* 
deration,*  but  it  is  different  with  ships  of  the  line. 

22.  As  the  centre  of  gravity  of  the  ship  and  lading^  rises 
during  a  voyage  in  all  ships  of  the  line,  they  must  have  the 
best  form  in  relation  to  this  circumstanee  $  which  only  reqiures, 
Chat  the  form  may  be  such,  that  by  this  rising  of  the  eentre  of 
gravity  they  do  not  lose  too  mueh  stability.  Tliis  iHlt  be  now 
examined. 

To  see  the  effect  of  this  circumstance,  take  two  ships  of  the 
line,  with  their  0  sections  of  different  forms,  but  in  all  other 
Respects  similar.  For  the  sake  of  illustration,  let  these  ships  be 
jepresented  by  two  prismatic  models  of  equal  length,  whose 
transverse  sections  are  similar  to  their  respective  0  sections, 
the  0  section  having  the  greatest  influence  on  the  qualities 
which  enter  into  the  present  consideration.  The  section  of 
one  of  the  models  is  formed  according  to  the  principle  com- 
monly adopted  in  the  design  of  the  0  section  by  other  nations, 
and  tiie  section  of  the  other  model  Is  formed  according  to  die 
principle  which  is  adopted  in  this  woik.  The  difference  in  the 
form  of  these  0  sections  is  carried  to  the  extreme,  in  order 
that  the  results  miiy  be  the  more  evidently  distinguished. 

Suppose  that  each  model  has  upper  works,  and  that  each 
)ias  two  weights,  the  one  below  the  water  which  expresses  the 
iadiiig  in  the  liuld  of  the  ship,  which  is  equal  in  both  to  two- 


^  Likewise  in  the  merchant-ships  wLicb  sail  sometimes  with,  and  sometimes 
•without  lading,  or  in  ballast,  the  hreadth  must  continue  some  distance  below'' 
the  water-line,  in  order  that  they  may  not  lose  too  much  in  stability  when  they' 
are  legft  deeply  laden,  and  may  carry  suficieat  sail,  to  avoid  da&f^er  on  a  lee- 
ihoTe« ' 
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aevcnths  of  the  displacenent^  and  that  Its  centre  of  g**^^  ^ 

in  the  centre  of  gravity  of  the  displacement ;  and  that  the  other 
weight  above  the  water-line  is  so  placed,  that  the  common 
centre  of  gravity  of  both  these  vvciglits  coincides  with  the  centre 
of  gravity  of  the  model.  The  following  demonstration  gnres 
the  reasoning  on  it. 

Suppose  that  the  breadth  A  B  (Fig.  66)  of  the  section  of 
the  model  or  of  the  0  section  =  50  ft.  =  2  its  depth  A  I 
=  20  ft.,  and  that  £  P  is  the  middle  line.  Take  EC=iEI, 
and  ED  ss  iEKj  and  draw  CA,  DB,  by  which  the  figure 
ABD  CA  is  formed^  which  will  represent  the  usual  0  section 
among  other  nations,  which  will  be  called  No.  1. 

Take  A  F^iAJ,  B  G  =  ^  B K,  and  draw  E  F,  E  G,  by 
which  the  figure  AB  GE  FA  is  formed,  which  will  represent 
the  received  form  of  the  0  section  in  this  work,  which  will  be 
called  No*  2.  These  sections  are  thus  equiU  in  breadthj  depth, 
and  area,  which,  is  =  750  square  feet  =  A, 

In  No*  1  the  centre  of  gravity  of  the  displacement  below  the 

water-line  AB  z=,  8,89  =:  Hi,  and '  t|! -  l^i  =  13,89, 

and  when  8,89  is  subtracted  from  this  quantity,  there  remains 
5  feet  =  Hi7i,  which  is  the  distance  that  the  metacentre  is 
above  the  water-line;  and  if  the  common  centre  of  gravity  is 
supposed  to  be  in  the  water-line,  then  the  moment  of  stability 
IS  =,5. 750  «  3750. 

In  No.  2  the  centre  of  gravity  of  the  displacement  is  ^  7)91 

feet  =  Hb,  below  the  wat^line  A  B,  andras  ~-  is  equal  in 

both,  then  13,89  -  7991  s  5,98  feet  =  He. 

Now  as  the  centre  of  gravity  of  the  ship  and  lading  in  No.  1 
is  in  the  water  line,  and  the  ladmg  in  the  hold  in  No.  2  is  0,98 
foot  higher  than  in  No.  I,  also  as  all  the  weight  in  the  hold  is 
two^evenths  of  the  whole  displacement,  the  centre  of  gravity 
of  the  ship  and  lading  rises  0,98.  f  as  0,28  foot  ss  Ha^  above 
the  centre  of  i;ravity  of  the  former  ship,  so  that  the  distance 
between  the  metacentre  and  the  centre  of  .gravity  of  the  ship 

!  See  $  5  in  the  "  XxestiM  oa  Slap-biuldipg/'  pnntodst  ^tocUiipla  in  iT7$., 
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and  lading  ^  He  -  Ha  -  5,98  -  0,28  =  5,7  =  a  ej  hence 
the  moment  of  atability  of  No.  2  »  5,7«  750  =  4275. 

Suppose  that  these  ships  are  at  sea,  and  that  an  equal  quan- 
tity of  provisions  and  ammunition  is  consumed  in  each. 

Let  No.  1  by  this  diminution  of  lading  be  lightened  \\  foot. 
Take  AL  ^  BM  =  \^  foot,  and  draw  ML*,  then  ML  is 
now  above  the  water-line,  hence  P  N  =  P  0  =  24,06,  also  the 
area  of  the  raised  part  ABONA  =  73,59 1  aisc^the  area 

NODEN  =  676,41  «  -B;  ^  =  «  13,73.  The 

centre  of  gravity  of  the  displacement  below  the  water-line 
iNTO  s  8,28  =^  P/,  which  subtracted  from  13,73  =  5,45 
sss  Pn,  18  ~  the  height  of  the  metacentre  above  the  latter 
water-line;  when  1,5  is  subtracted  from  this  quantity,  there 
remains  3,95  =  // n ;  and  as  the  coituiion  centre  of  gravity  is 
now  by  calculation  0,97  foot  ^  ^  Hk^  higher  than  the  former, 
the  distance  between  this  latter  centre  of  gravity  and  the  meta- 
centre is  =:  3,95  —  0,97  =  2,98  feet  ^  kn^  which  multiplied 
by  676,41  =s  2015,6,  is  ss  the  moment  of  stability. 

Na  2  will  be  now  enmined,  in  which,  as  was  mentioned, 
an  equal  quantity  of  provisions  and  ammunition  it  consomed 

as  in  No.  I3  also         =  1,47  ^  AQ  =  BR,  and  QR  it 

above  the  water-line,        as  =  15,4.  The  centre 

B      6/6,4  ' 

of  gravity  of  the  displacement  below  the  latter  water-line 
=  7,07  =  pd,  which  subtracted  from  15,4,  gives  8,33  feet 
s=  pf,  which  is  the  height  of  the  metacentre  above  the  latter 
water-line.  Set  off  1,47,  then  6,86  ^  if/,  and  as  the  common 
centre  of  fSfravity  is  now  by  calculation  0,86  =s  a  c,  higher  than 
with  tlie  full  lading;  viz.  0,86  -H  0,28  =  1,14  =  He,  above 
the  former  water-line,  the  distance  between  this  centre  of  gravity 
and  its  metacentre  is  =  Hf  —  He  =  6,86  —  1,14  =  5,72 
as  cf^  which  multipUed  by  676,41  is  =  3869.  Thus  the 
moments  of  ttability  are ; 


now 


f  8te  I  it  mAn  la   Kisasdoai  tf  liaie-skepp. 


H 


A 
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Of  No  1  J  ^ '^^   3750 

'    t  With  the  AminiBhed  lading  »  201(1 

Of  N    2  J  ^^^^  '^^^"^  "  "^^^^ 

t  With  the  diminished  ladmg  s  3869 

When  ships  according  to  the  principles  adopted  in  No.  1  and 
No*  2  have  their  0  sections  rounded  off  agreeably  to  the  com- 
mon form,  the  moments  of  stability  are  much  nearer  to  each 

other  than  in  the  results  here  inserted;  but  it  is  likewise  seen, 
that  No.  1^  with  the  diminished  lading,  loses  very  much  in  sta^ 
hility  compared  with  the  stability  with  the  full  ladings  whereas 
No.  2  with  the  diminished  lading  loses  but  little  compared  with 
the  stability  with  the  full  lading,  and  is  stiffer  than  No.  I  with 
the  full  lading;  and  as  this  is  occasioned  by  continuing  the 
breadth  below  the  water-line,  it  thus  proves,  that  this  new  prin- 
ciple is  the  proper  one,  and  should  therefore  be  adopted  in 
ship-buildingi  not  only  for  6hips  of  the  line,  but  also  for  frigates 
designed  for  war.  See  more  on  this  subject  in  the  before- 
ihentloned  treatise  on  ship-building,  §  9. 

If  it  should  be  asked,  how  the  common  expression  for  the 
moment  of  stability  can  determine  the  proper  height  of  the 
metacentre  on  the  middle  line;  eonthnia  the  line  to 
and  draw  the  line  S  T  (which  is  supposed  to  represent  the 
inclination  of  the  ship)  at  an  angle  of  from  8  to  9  degrees  with 
the  water-line  A  B,  and  so  that  it  is  at  such  a  height,  that  the 
area  of  the  figure  contained  below  this  water-] ine  is  equal  to 
t)ie  area  below  the  water-line -4  i?.  Then  find  the  centre  of 
gravity  of  the  figure  below  the  line  ShT,  and  from  this  centre 
draw  a  line  at  right  angles  to  the  line  8  T  produce^^  then  it 
will  be  found,  that  it  meets  the  middle  line  £  P  at  tii^e  same 
place  as  to  height  iis  is  determined  by  the  common  expression  ; 
but  if  the  side  had  been  straight,  as  A  (/,  the  Oketacentre  \yould 
have  been  a  little  lower,  and  the  ship  therefore  would  have^^d 
Im  stability.  Thus  it  appears  that  the  new  fmnciple  haa^i>t 
been  over-rated*  .    .  « 

Again. — If  the  calculations  just  made  are  examined,  it  -^ill 
be  found  that  the  distance  which  the  centre  of  gravity  of  ithe 
displacement  is  below  the  water-line  is  different  in  the  tfvo 

figures,  as  weU  wilfa  Ihe  Ml  m  willi  tke-dininsM  lading. 
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of  the  displace-  f     '     I  With  llie  diiiliiiiifMd  lading  =  8,28 

ment  below  the  j  f  With  the  full  lading  =  7,91 

witi^iine  hi  •  4  J      ^  1  With  the  diminished  lading  =  7,07 

These  invcstii;aLiuns  may  suggest  the  formation  of  the  laws 
of  bodies  lying  in  the  water  and  of  less  specific  gravity  than 
the  water.  * 

Law  L  If  a  homogeneous  body  lies  in  or  is  thrown  into  the 
water,  it  does  not  become  quiescent,  till  the  centre  of  gravity 
of  the  boily  and  the  centre  of  gravity  of  the  displacement 
become^  hrst|  in  the  same  vertical  line ;  and  secondly,  as  near 
to  each  other  as  possible^  whether  the  centre  of  gravi^  of  the 
body  be  above  or  below  the  water's  surface* 

Law  2.  If  two  bodies  lying  in  the  water  have  their  centres  of 
gravity  similarly  situated  with  respect  to  the  water-line,  also 
have  equal  magnitude  And  weight,  but  dissimilar  forms ;  that 
body  lies  the  steadier,  and  requtrea  the  greater  force  to  incline 
It  iirom  its  horizontal  positiont  which  has  its  centre  of  gravity 
of  displacement  nearest  to  the  water-line.  §  17. 

Law  3.  If  an  angular  rolling  is  given  to  a  body  floating  on 
the  water,  it  revolves  round  its  centre  of  gravity^  whether  this 
centre  be  above  or  below  the  water-line ;  and  the  force  which 
causes  this  rolling  is  in  proportion  to  the  distance  between  the 
centre  of  gravity  and  the  metacentre,  multipUed  into  the  weight 
of  the  body. 

For  the  confirmation  of  what  has  been  said  on  the  form  of 
the  0  section,  which  has  great  fufness  at  the  water-line,  tht 
following  aeconnt  is  g^yen : 

•  i»  In  the  ytar  1766  two  frigates  of  24  guns  were  buil^ 
TMk  ind  8preng]^aHeii>^  both  vidth  the  same  ftrin«ss  of  ®  sec- 
tlon  aft  the  wMer's  iftirfitce  |  they  were  very  sHff,  easy  in  aH  their 

motions,  and  excellent  sailers.  2.  lii  the  year  1778,  the  l^asOj 
a  ship  of  60  guns,  was  built,  with  the  same  kind  of  (%  section  j 
the  dis^laccfment  was  69000  cubic  feet,  the  ballast  1080  sbtp- 
fNAliA  imvii&OB  ir^gjhti  tbe  greatest  pari  of  which  was  h'on, 
Ae  imahldtfr  ^Isg.  Wilih  a  bkttery  of  7  feet  it  was  stifier  than 
any  other  ship  in  the  fleet,  and  was  also  a  good  sailer ;  and 
at  the  end  of  a  voyage^  wiien  lightened  i  foot^  the  stability 
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was  but  little  .dimiiuahed.  On  the  contrary,  the  ship  Fredrick 
Ado^^h,  of  62  guni  (see  the  tnUe  in  the  intriMliictiGa),  ImmI 
7d200  cttbie  feet  of  displacement,  1900  skipponds  of  the 

same  kind  of  ballast,  5  J  feet  height  of  batter}',  the  ®  section 
of  the  usual  form,  and  whose  stability  was  about  equal  to  that 
of  the  other  ships  of  the  fleet,  and  was  thus  less  stiff  than  the 
Vusa,  To  the  Fredrick  Ado^h  msy  be  compared  the  Sophia 
Magdalena,  of  70  guns,  which  had  81000  cubic. feetj^pf  f}!^ 
placement,  and  2700  skipponds  provision  weight  of  ballast,  dso 
about  the  same  height  of  battery  as  the  ship  just-named,  with 
a  flatter  bottom.  S,  Between  the  years  1781  and  1785^  ten 
ships  of  62  guns  were  built,  and  ten  frigates  of  40  gv^  all 
whh  the  same  kind  of  $  section  as  the  dmwings  W^HK^I{^ 
show;  that  is,  with  a  continued  fulness  near  the  wii^j^-fine, 
with  little  ballast ;  but  they  were  quite  stiff  enough^  ^d^ea^U 
lent  sailers,         '  •    ^  ..-.-tw^t^ 

By  the  evidence  of  these  examples  we  must  be  eonvinced, 
that  the  0  sections  of  all  ships  of  war  should  have  the  form 

adopted  in  this  work. 


23.  To  coMiruct  the  $  SectiaiL 

In  order  to  form  a  general  rule  for  the  0  sections  of  ships 

of  the  line,  the  0  sections  of  two  ships,  namely,  one  of  110 
and  the  other  of  74  guns,  have  been  constructed :  the  roman 
letters  indicate  the  larger  ship,  and  the  italic  the  smaller  ship. 
The  half-breadth  A  B  (Fig.  67)  »  i  B  for  the  ship  of  1 10 
guns,  and  |  B  for  the  ship  of  74  guns.  ^  C  s  ky  which  is 
found  in  the  table  No.  15  ;  as  well  as  h,  which  is  here  h  and  h 
CE  =  h  and  b,  CG  =  EH=  d  and  d,  HI  =  m  and 
the  radius DL^vr  and  w»  AG  is  the  depth  of  the  0  sec- 
tions of  construction  =  p  and  p,  and  AN  their  depth  to  the 
keel  a=  q  and  {jr.  JVP  is  the  half-siding  of  the  keel.  The  line 
G  I,  which  is  a  tangent  to  the  curves  B  LE  Q  and  Q  P,  is  then 
drawn,  which  completes  the  form  of  the  whole  ^  section  below 
the  water.  To  find  the  distances  Iffd^mf  w,p,  and  g,  the  fol- 
lowing exponential  calculations  are  used* 
To  find  the  distance-     the  exponent  of  B  as  9 
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log^b^log.^     _  k>ga7,45  -  log.  14,79  _ 

hence  b  «  ^  o^oi  *  For  the  distance     the  ezpoftent  'of  b  = 

«  s  log'  <^  -  ^o?-  d  _  Tog,  3,83  -  log.  3,f;4  '  ^ 
^     log.  b  -  log.  d      log,  17,45  -  log.  14,71/  ' 

^    b^-^^.d   ^  8,7816  '  ' 
^^^^^^  ^  ^         •  ss  ror  the  distance  2»»  the  expo- 

nent of  ^  -  «  -  ^og*  -  ^Og- -  log.  3,59  log.  3,37 
nentotd-t^-j^^^  _^  log.  d      log.  3,83  -  log.  3,64 

as  ;1^843;  hence  fli  a  rr^*  F<v  the  distance  ip,  the  ex- 

1*4 /od 

..   log,  w  —  log.  W  •  '  ' 

"      log.  4F— b.  h  -  log.  i  B  -  4.  A  " 

!^fiM^"4^'£-^  =  0,18,  h«,ceip=      .  . 


log.  170,96  -  log.  138,29 


2.0175  AB  —  b,  A^"-'*.   Aud  for  o,  the  depth  of  the  ®  sec- 

_  loff.  q  •—  log.  Q 

tion  to  the  keel,  the  expoueat  of  j>  =  t;  =  fog,  p  ^  log.^ 

The  results  of  ail  these  expressions  ture  given  in  the  following 
table :~ 
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When  the  0  sectiou  is  obtained  by  this  conttraction,  the 
are^  j?,  |C  is  determined  in  Table  No,  1 5 ;  and  wtoi  tin  fom 

«f  thf  9  aectiooiipUtiuiMcly  th«  £m  of  jdl  ih^  otliBr  iwetmi 
lemaiBs  to  be  dctmun«cL 


Chap*  VOh^Jb  etm$iruci  Ac  SkeUmn  irfmmdobaft  the 

^  Seetum^ 

•  * 

24.  From  the  point  E  (Pig.  68)  which  answers  to  the  point 
E  in  i^.  67|  draw  tlie  line  £  which  is  the  dia|;oni4  of  CQfir 
stnieHon  abaft,  so  as  to  make  with  the  vertical  Une  JSF  m 
angle  FE I  st  27°  9'  (§  12) ;  also  for  the  secuona  forward,  set 
off  the  point  G,  answering  to  the  point  E,  and  draw  the 
vertical  line  G  Hy  then  GH  =  EF  ^Vl',  from  C  set  off 
CK  ^  the  halfnuding  of  the  stem,  and  draw  QK$  then 
the  diagonal  construetioa  the  fo9p  p«t  of  the  ehif  is 
obtakied. 

For  all  the  sections,  as  well  abaft  as  forward,  their  form  is 
determined  at  three  places^  namely,  at  the  height  of  the  breadths 

lune^  atthe  Y^-Uoo,  and  al  tbeiahhelof  theioel;  it  the* 
wmains  to  determine  it  at  the  leurth  plaeej  which  Is  m  ^ 
liftgondls  Bf  and  OiT.   It  is  then  the  object,  that  the  places 

of  the  sections  may  be  such  on  the  dimgonals,  that  the  area^ 
eaiii^ie^tion  may  be  equal  to  the  Area  detcrwiaed. 

this  fcjnt  on  (the  dii^^ml  in  Jthe  fiiyt  pbee  fiw  die  7lb  s^elion 

<Fig.-68)4  es  well  abaft  a3  ibrward,  for  all  the  shifts ;  for  which 
a  general  rule  is  required,  founded  on  the  ordinates  of  the  lioe 
of  sections,  Q  VXJJ M F^f  whiati  for  the  7th  sactiou  abaft 
^8  MF  s  k,  and  for  the  7th  section  jorward  ^  OV ^  k. 
Hie  lioe  BFJS:j>NQ  (Fig.  91}^  is  tke  teie  lineinr  diagowil  of 
eoBstncUou»  and  it  is  this  line  wliich  determines  the  points 
iVand  P  on  the  diagonals  EI  and  G if  (Fig.  68).  The  con*- 
struction  of  tiiis  tru^  line,  whose  ordiuates  MN  imd  OP  a::  C, 
will  he  obtained  from  the  ordinatfp  of  Ao  JUlpO  Alf  OBctiooe 
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But  to  find  the  distance  C,  as  well  for  the  7th  section  abaft 
IK  ikf  iV»  as  for  the  7th  section  forward  ss  OP,  these  distances 
have  been  taken  agreeably  to  the  drawings  of  ships  of  1 10  and 

74  guns^  from  which  the  following  rules  have  been  made : 

.      r  Abaft  A  is  =  9,012  and  MN  =  C=  9,22 

I  Forward  k  is  =  U,G39  and  0  P  =  C  =  13,48 

^    r  Abaft  *  is  ^  7,258  and  MN  =  C  =  7,37 
1  Forward  A  is  =  9,463  and  0^=0=  11,13 

^     F   ^  ^  log.  9,22  -  log.  7,37 

C  «  -J,  the  exponent  abatt,  v  =  i^g,  9^012  ^  log.  7,258  =^ 

1,035  i  therefore  C  =  ,  C  =  a  k%  the  exponent,  = 

The  distances  k  and  c  are  as  follow : 


Absft. 


■{ 


MN 


coy 

Forward  •( 

top 


C 
ft 

C 


>  110 

94 

80 

74 

66 

52 

9,012 

8,365 

7,657 

7,258 

6,961 

5,628 

7,789 

7,370 

7,068 

5,664 

11^9 

I0»833 

9,9S6 

9,463 

9,097 

7,641 

13,4B0 

12,614 

11,665 

11,130 

10,731 

9,021 

To  find  the  ordinates  h  for  all  the  sections  abaft,  also  the 

ordinates  k,  by  which  the  whole  line  of  sections  is  formed,  and 
finally,  to  find  thence  the  ordinates  C  which  form  the  true  line^ 
and  from  these  ordinates  Ar,  the  area<^  of  the  sections. 

For  the  line  of  sections  WgFHD  (Fig.  60  and  61)^  the 
ordinates  C  D  s  h  are  found  for  the  S  sections  of  all  the 
ships  in  Table  No.  15,  and  then  this  quantity  h  is  mulliplied 
into  the  number,  which  is  found  in  the  column  E  (Table 
No,  14),  and  thus  the  ordinates  h  for  all  the  after-sections  are 
obtained;  and  when  which  is  found  in  the  Table  No*  15,  is 
added  thereto^  the  ordinates  h  are  obtained  'for  all  the  sections 


Digitized  by  Google 


Cluij^man's  fTork  on  Ships  of  War*  257 

ivfileh  form  the  after*line  of  sections,  and  thence  the  ordimtes 

which  form  the  true  line  2)     Q  (Fig.  Gi). 

For  the  parabola  KVQ  (Fig.  60  and  Gl)  which  forms  the 
line  of  sections  before  the  foremost  0  section,  whose  equation 

«  8s       the  exponents  m  are  found  for  ail  the  ships  in  Table 

No.  15,  which  give  the  ordinates  A:,  and  thence  the  ordinates 
C,  which  form  the  true  line  KFS  (Fig«  61)  for  the  fore  part 
of  the  ship. 

The  following  table  will  elucidate  what  has  been  said:— 


trou  III*  i 


Digitized  by  Google 


Oufmm'i  Work  oik  Skipmf  Way. 


Si 


O 


Co 


Si 

I 


a 

s 


o 
o. 

CD 


•3 

a 
9 

o 

o 

V) 
d 


I  ♦  t 


6 

s 


^  5©  O  C'J  t-^  C.  O  — 

fl>  K  —  -  - 


•  o  • 


O  ^  l/^   3i  ^  9^  as^  O 

o      r-.  -T  ac  ./5  e^»>»^tC^O>  O 

U  i  §§ ' 

^  M  fO  O  ^ 9 4. 


»— I 
I 


n 

.4 


CO 

n 


o 


O 


o 

I 

» 
a 


tl 

1 


n 
Ok 

§. 

It 

£ 

I 


w 

H 

1 

X 

—                       ■  1 

0  -r  ~              C  >  — '  1 
c;:      0  -c  jr.      3c  iTt^     0^  — <  1 

©  ^"a^'^  e«3  40  tc'tC  »C  30  CO 

H 

0  Ok  Oft    <0  lA  «  CO  €t««  0 

True  line 
C 

ft 

^  0  C» 3i      «^  ^1 .  , 

-       '           "  ♦<  jk  1 

ac  'Xi     ^  1^-:  o<-.     a>  iQ 

Ie=^ 

Areas  of 
Sections 

iB.k 

Ok  i£  tft  ^  0  00 cs,t>  eo  1 

II 
+ 

—  »  —  »>.-HTJ>0—  •«©»-« 

—  ©VOl>.C*5'VeOO<00— • 

00000000000 

oo>o«5oc*:s>o«*-*© 

o  x          r.  ^^ 
<c  „  ^  _ 

0— 0«  «»  ^  Ml  «e     flD  AO 

m 


I 


! 


1 
I 


eft 

a 

P 

3 

ft 


f 

i 

II 

M 


1i5 
I 

1 


m 

» 


.UUHIUEU 


II 
(to 

GO 

I 


be 

o 

I 

00 


CO 

I 


^  ^  "  '■^^  ^„ 

o     o  CI  'V  in  to  (0  cc";o 


1 


■55— T 


o 
o 
o 


•«*  e*  CC  t  J.  CO  OD  C»  N 


I 


e      g  jg  2  S      SS  ^ 


to  CI  ~*:  'M  — <  --f  o 
a»  30  cTi  Lo  »o  lO  CI  o 
«>  I.T  cr.  — •  cr.  n  C«  rfS      o-  o 


00  VC0C««nO< 


o  Ob  flo  1^  jee  >A  ^  CD  e«  •-«  ^ 


■am- 


(o 

00      so  lA 


o  «o  »>. 
r«,  oo  CO  «>. 


^  S  tin  t<«  V 

•N  »M  fi«  ii^       1^  iii* 


I  I 


o 

CO 


I 


I 


«» 
I 


i 

I 

8 


I 

1 


CO** 
«» .5  • 


^o  —  0)aoo>M'<a'o 


cT  ©  'o  'ai  >»  "-^  o  li^oi 
lo  ifj  — <  00  c:  A  c  I  so  o» 


11 

V 

+ 


00 


•O  «ft       CO  «  o'oO  VC  cT 


e«  CO  ^  10  <e  K  oo  Ob  4g 


•  9 


Digitized  by  Google 


^5 

i 


o 

3 
e5 


I 

<A 

a 

3 

O 

o 

oo 

o 

Cm 
CO 

cs 


'I) 

a 
o 

00 

o 

a. 

M 
m 


I 


n 


CD 

R 


Wi 

.a 


Ok 

to 
e 

II 


> 


I 


o 
o 


I-  4J 

<i»  He* 


o  to  te  tf?  «^  tN>  GO  ^  i>>  »^ 

C  ^  >"  so             ^  ^  w  1  OD 

'        #-                 ^                                    —  I  *\ 

o  to  o>     O >o  O  tO 


o  c>  »ft  CO  X  r-? 

C5  X  '  O  O  ^  »>•  CO  34  O  O 


II 


*>. 


tl 


0» 


li 

«o 
m 

a 


Ci 

00 

»>. 

IV, 

•o 
*\ 

o 

log. 

1 

! 

CO 

JO 

M> 

e 

M 

7  f 


n 


a 

u 
a 
o 
o. 

X 
V 


u 

z 

s 


<7> 


9  ^     0»  M  eq  lO  flj 


^  3^  O  VC  ^  1^  O-i  o 

0&  »>.  m  00  00^  •  „  „  ■ 
•A  «4  00  >o  CO  eC-«  cT cTp 


o  Oi  00 <o  trt    eo  w  « 


o  c  ^ 
"  .2  * 

<._7  -IN 


»>.  5-1  CT>  M  O  e*5  ~i 
«6li>.i'<o-^Ci-»^  ,  I 
CO     CO  to  ec  «>.  Qc  i>.      I  1 


o    o  o  »^  oe    to  M  e« 

•»r  "T*  «  e'J      <N  c-4  — • 


I 

+ 


w  c.  crs  1-  o  t-^  o  r*. 
o&  tN.          ?^  'i;      >c  ■nr' 

k(f  *(»  mT      v-Tek  tCi(>  COM 


•^>0  0'^f^tO^OO?^»'*0 
r-  CI      —  U>  — '  CM  —  —  O  O 


Digitized  by  Google 


()ShgmMMiV  WMt  on  8M^s  qf  War. 


261 


I 


CA 

C 

s 


o 
o. 

GO 


& 


8 

T 

o 


II 
It 


00 


I 

s 

M 

■A 
I 


• 

to 

O 

1 

s 

1 

+ 

1 

> 

CO 

O 

1 

R 

"I!  •»  ptf 
O  (J 

no  • 


I 


©  01  00     00  ^  »^  c*5  ^5  «  o 


O  00  9»  00  A  lO  A 


ockoot>.teo^coe««40 


it 

■3 


S 


5 1 


o 

CO 


n 


00 

«>• 

00 
I 

I 

0) 


CO 


7 

to 


o 


09 


ho 

o 


>C      ^  00      ^WOD   a  , 


to 


OQ 


IT 


» 

a 

\ 


'-•ots.s^.  t>»^<Nc« CIO ei 

•fl  «     en  0«-««»t^iO«Oi^ 

•-<•-«  ^  ^ 


S 


OOM'<4<tCO>t>.M«n0»'<tiO 

»^ao^M'^e9r>.Qoa>oo 
aoc^^»^^ooci0>o>eo 


Digitized  by  Google 


Chofmm'i  tFm-k  m  Ships  of  War* 


9 


I 

CO 

n 


00 


1 w 


o 
eu 

A 
u 


ha 

O 

• 

! 

o 
o 

■  M 

o 

U 

Jl 

II 

-to* 


n 

a 
c 

.a 


n 

+ 


11^ 


+ 


Oa>  —  f^r^-rr^co^  ,iA 

O  a>  CD  — <  —  OO        ki"5    I  <o 


C-  -rr  Tf  -*  O  — i  CO  o 


o  te  VD  o  o  ^  -^o  «o 


I*     <?>     »0  «^      "     »  « 

»f5  O  CX3  »fi  uj  C«  —    .  9 


>r)  o     >n  u9  c«  - 

ift  • 


o  o» « 'lO  ^  «» 


lO  «0  ■«*      W  <fi  00  •«  N  ,  * 


—  — .  —  r>,  'o     —  o 

o  ao  ao  '-^  1^     «o  so^***  c^Oj^ 

tr.  c  I  -T  I        ~-  ^  9^  ^ 


*-4 


U»      Ol  < 

^       *K  ^  L    ^       M  .  J—  J. 

ff«  ^  ^ 


B  S2  SS  2  ^  ^  *  •V***  • 

W(  94 


^•^^  «0  ^     «     00  A  ^ 


Digitized  by  Gc 


• 

M 


I 


o 

MM 


I 

I 

i 


.2 


o 


I 


I 


I 


I 


I 


a 

a. 


".2  * 


I 

+ 
•4 


0 

a 

I 


a--  • 


I 

+ 


O  — <  -C?-!  kT;  -T<  — I 

o  O'  ^  o  ro      J>      t>»  QC' 


»\  «>  ^ 


04  9k    <0  CO  ot  *«  o  o  o  e 


g  0»  flO  K  <0  lO ''T     M  «-« ^ 


'   


eC    M  «4  o       kft    »-t  o 


«7i  oo«E  SS  W         «9  ««»  o  o 

et  e«  M    o  <i%t-m  lo  co 4» 


1/5     ir:         '-^  3^  00  »>•  *>» « 


Digitized  by  Google 


2M  Chajtman's  Work  on  S/tipi  (^  War. 

The  drawings  which  are  constructed  according  to  these  calcu- 
lations are  found  in  plates  II,  III,  IV,  V,  VI,  Vli.  Each  ship 
has  three  plates  with  the  same  number.  All  the  sheer-draughts 
are  marked  A,  the  body-plans  3^  and  the  stern-views  C 

25*  Thus  all  the  values  of  C  are  obtained  |  these  values  are 
ses  off  perpendicularly  below  the  water-line  AB  (Pig.  68). 
Those  wliicli  belong  to  the  after-part  must  he  set  off  on  the 
diagonal  £  I,  and  those  which  belong  to  the  fore-part  on  the 
diagonal  O  K.  Four  points  are  thus  obtained,  through  which 
the  section  should  be  drawn,  namely,  the  first  at  the  height  of 
breadth,  the  second  at  the  water-line,  the  third  at  the  diagonal 
MJmd  GKy  and  the  fourth  at  the  keel. 

When  the  sections  are  thus  drawn,  so  that  their  areas  may 
agree  respectively  with  those  before-mentioned^  other  diagonals 
are  drawn  on  the  body-plan,  but  so  placed  that  th^  are  nearly 
at  rig^t  angles  with  the  curve  of  the  section,  at  the  plaee  where 
it  is  considered  that  the  direction  of  the  line  of  relaxation  will 
meet  the  diagonal  in  the  horizontal  plan,  and  as  far  aft  as  is  neces- 
sary ;  agreeably  to  which  all  the  diagonals  are  drawn  in  the  plan. 

It  is  not  only  necessary  that  the  sections  should  be  drawn  in 
this  manner,  and  especially  that  their  areas  should  also  agree 
accurately  with  those  before  determined;  a  certain  skill  in  the 
operation  is  also  requisite  which  cannot  be  described,^  but  which 
is  obtained  by  practice  and  great  attention  :  a  highly  impor- 
tant circumstance  in  obtaining  a  knowledge  of  a  science  in 
which  methods  may  be  found  to  lighten  the  work. 

From  these  sections  all  the  measurements  are  taken  for 
findings  L  The  displacement,  and  the  situation  of  the  centre  of 
gravity  as  to  lengthy  which  will  be  found  to  agree  very  nearly 
with  that  inserted  in  Table  No.  15;  2.  The  height  of  the  centre 
of  gravity  of  the  displacement;  and  3.  The  metacentre.  The 
methods  by  which  these  calculations  should  be  made  are  found 
in  §  4,  5,  and  6,  in  the  Treatise  on  Ship-huilding,"  printed 
at  Stockholm,  in  1775.  The  results  of  these  calculations  are 
inserted  in  the  following  table  ; — 


»  Tliooile«rof  cooittiicdoiiwbotMdAted  me  in  tie  calcuktioas,  and  who 
made  all  the  dnwiags  fitna  Ihna,  can,  wli«ii  be  u  pre»eot,  giy©  Mtitfactorr 
lafunnatioaoBlldsiaigNtt  :         ^  ^ 
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As  the  aeclions  of  these  draughts  aie  nol  eqnal^  distant 
from  each  other,  the  spaee  hetween  the  .after-seetions  being 
greater  than  that  between  the  foremost  seetions,  they  are  ealled 
the  construction-sections,  and  other  sections  must  be  drawn  for 
the  execution  of  the  building.  The  reason  that  the  other 
sections  are  not  drawn  is  this:  As  the  distances  betireen  the 
aecttotis  and  the  distances  between  the  porta  must  agree  with 
each  dther^  every  alternate  section  ihroaghont  the  whole  length 
of  the  ship,  extending  uninterruptedly  from  the  keol  to  the 
gunwale,  must  run  up  between  all  the  ports,  and  the  other 
sections^  or  filling  timbers,  must  stop  under  the  ports  }  (but  as 
some  will  have  more  abd  some  less  opening  between  the  tinn 
befs,  and  it  may  happen  that  others  may  wish  tl&at  these  timbets 
which  come  between  the  before-mentioned  sections  may  not 
be  in  pairs,  but  equally  separated  from  each  other,  by  which 
the  distances  between  the  sections  are  greater,  and  consequently 
also  the  distances  between  the  ports;)  it  thus  appear!,  ttiat  4f  the 
aectiotis  am  so  divided  it  must  be  In  the  same  apace ;  and  this 
division  not  agreeiAg  with  that,  winch  another  thongbt  better, 
it  would  have  been  a  useless  work  and  have  caused  confusion; 
but  as  a  sufficient  number  of  diagonals  is  found  in  the  horizontal 
plan,  the  sections,  accordii^  to  whatever  division  may  be  best, 
may  have  thek  true  areas  and  intended  form,  and  the  ports  be 
arranged  accordingly.  Nevertheless  the  ports  have  beeta  drawn, 
and  some  of  tlie  stations  of  the  sections,  in  relation  to  the 
stations  of  the  ports,  marked  in  midships  on  the  keel;  and  as 
the  joints  of  the  frames  must  meet  at  some  pla/ce  in  the  ship's 
length,  and  a  aingle  timl>er  is  added  where  they  meet,  so  that 
the  tMro  jointa*may  not  meet  at  the  same  place,  it  has  been 
thought  most  proper  that  this  should  be  «t  the  gang-way,  by 
which  the  distance  between  the  ports  at  this  place  is  greater 
by  the  siding  of  one  timber  and  an  opening.  This  is  well 
understood  by  a  practical  builder.  ( 


C«AP«  DL— On  a         l^aper  mrk$. 

27.  Respectiag  the  parts  of «  ahip  above  the  water,  the 
height  detennmea  itself,  but  the  form  or  tumbling  hpme  of  ^jbm 
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topside  ift  detenained  by  the  serViee  to  whkh  the  aliip  It  to  be 

applied.  Ill  ft  merchant  ship,  the  btraightness  of  side  may  be 
continued  as  far  as  may  be  desired,  because  it  has  little  or  no 
effect  on  the  ship's  stability  ;  but  it  is  otherwise  with  a  ship  of 
the  tine,  when  the  iaih  are  elose-hanled,  in  a  brisk  topsail 
breease,  with  the  safls  mentioned  in  the  Introduction,  and  the 
ship  is  to  lee-ward  of  an  enemy^  when  also  all  lee-ward  ^ns 
should  be  used,  and  the  service  of  the  guns  and  small  arms 
requires  together  more  than  two-thirds  of  the  crew,  especially 
in  the  largest  ships  or  three-deckers,  which,  during  the  whole  of 
the  aethm,  must  be  to  iee<^ward ;  it  then  follows^  that  the  broader 
the  ship  is  aboye,  the  further  out  from  the  middle  line  of  Ihe 
ship  the  men  are  stationed,  whose  weight  gives  the  ship  an 
inclination,  which  increases  the  heeling  it  ha*?  already  received 
from  the  force  of  the  wind  on  the  sails,  and  when  it  exceeds 
a  certain  degree,  the  guns  eannot  be  worked  without  difficirity, 
Und  it  may  happen  that  the  iower-deck  gmis  cannot  be  used  J 
but  the  narrower  the  ship  H  abote,  the  less  \%  the  inclination 

caused  by  the  crew  to  lee-ward.  The  following  consideration 
also  limits  the  tnmhling  home,  namely :  as  it  is  the  guns  which 
govern  the  whole  atlair,  so  there  must  not  be  any-thing  in  the 
way  which  may  hinder  their  fiill  effect ;  and  as  the  upper-deck 
gtana  lire  those  whfch  are  most  subject  to  this  hinderance,>iil 
(tonsequenee  of  the  narrow  space  between  the  boat  and  the 
ship's  side,  the  tumbling  home  of  the  topside  is  determined  in 
this  manner :  that  the  length  of  the  guns  must  be  added  to  the 
distance,  which  is  required  between  the  inside  of  the  ship's  side 
and  the  muzzles  of  the  guns  M  about  half  the  height  of  the 
ports,  so  that  they  may  be  conveniently  loaded,  to  which  must 
be  added  a  moderate  distance  between  the  after  truck  of  the 
gun  and  the  boat,  that  the  men  may  pass  between  them  without 
interruption  in  action.  It  is  in  this  manner  that  the  length  of 
the  guns  and  the  breadth  of  the  boat,  with  the  addidon  here 
■Mliioncd,  will  determine  the  tmnblittg  home  of  the  topside; 
and  it  is  wHh  veierenee  to  all  these  eonnderatlons  that  the  lo|^ 
sides  of  all  ships  have  been  given  the  tumbling  home,  which  is 
found  in  the  plates. 

28%  it  is  in  this  manner  that  the  height  of  the  breadth-line 
ftt  the  dmwing  aa  founds  at  wfiich  the  tumbling  liome  of  ilie 
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topside  commences^  with  the  sweeps  of  circles,  whose  centres 
are  at  this  height  of  the  breadth^line ;  and  in  order  that  the  side 
may  present  a  handsome  appearance,  the  contrary  flexure  of 

the  topside  must  continue  with  a  fair  curve  along  the  whole 
side,  parallel  to  the  siieer  of  the  ship  ;  and  this  is  the  ticked 
line,  which  is  shown  just  above  the  lower-deck  ports^  which 
must  be  called  the  top-timber  tine  of  contrary  flexure.  The 
radii  of  these  sweeps  therefore  cannot  be  equal,  because  these 
sweeps  must  necessarily  touch  the  contrary  sweep  of  the  top- 
timbers  in  this  line.  The  remaining  part  of  the  topside  which 
gives  the  usual  form  above  the  water,  may  be  obtained  from  the 
same  draughts. 

The  full  line^  which  is  drawn  on  the  sheer-draught  below 
the  lower  deck,  shows  the  lower  edge  of  the  main  wale ;  but  as 

the  upper  edge  is  not  shown  there,  reference  may  be  made  to 
Fig.  69,  from  which  it  may  be  taken ;  the  wale,  after  conti- 
nuing from  the  lower  edge  upwards  some  distance,  is  diminished 
in  thtcknessy  so  that  the  wale  or  planking  under  the  next  or 
second  wale  is  an  inch  thinner  than  the  main  wale*  The  reason 
fiiat  the  lower  wale  is  determined  in  this  manner  is,  that  the 
side  of  the  ship  is  thereby  thicker,  so  that  the  shot,  which  come 
with  diminished  force,  or  are  hred  from  a  greater  distance^ 
may  not  pass  through  the  side,  as  they  do  where  the  side  ia 
thinner,,  which  is  so  much  the  more  important,  as  the  greatest 
armament  and  greatest  number  of  people  are  on  the  lower 
deck. 


Chap.  X, — To  find  the  Resistance  a  Ship  experiences  in  moving 

throt^h  the  WtUer. 

29.  What  is  said  in  the  introduction  must  be  attended  to  t 
that  all  ships  in  a  line  of  battle  must  sail  equally  well,  with  an 
equal  inclination,  and  with  the  same  sails  set ;  thus  it  is  in  relsi- 
tioii  to  the  area  of  the  suls,  that  the  resistance  which  a  ship 
experiences  in  its  course  must  be  known,  as  well  as  the  sta- 
bility under  sail.  In  what  manner  these  two  circumstancea 
together  should  be  treatedj  and  of  what  eonsequenoe  they 
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wBte,  b  Men  from  what  follows;  but  In  the  fint  plaeejr-oi» 
the  mistanee. 

In  the  new  "  Transactions  of  ihe  Royal  Academy  of  Sciences/* 
for  the  second  quarter  of  the  year  1795,  are  inserted  Ex* 
perimenis  on  the  Resistance  Bodies  experience  which  mcve. 
4kre^fy  ihrtmgh  the  Water.*'  in  §  15  the  expreasion  for  die 
resistance  is  founds  and  in  §  16  the  manner  of  obtaining  the 
vahie  of  this  expresnon  by  a  geometrical  construction,  is  seen 
by  Fig.  18.  And  as  by  this  figure  the  relative  resistance  of  all 
bodies  or  vessels  may  be  foundj  whether  they  are  drawn  on  a 
larger  or  smaller  scale^  it  follows^  that  the  absolute  resistance 
most  always  be  the  same :  thus  the  measurements  of  this  figure^ 
should  always  be  by  the  same  scale  by  which  the  figure  is 
drawn.  The  scale  here  used  is  that  of  oue-fourth  of  an  inch 
to  a  foot«^ 

30.  To  Jiiid  the  Effect  of  the  Water  in  opposmg  tlie  Course  of 

a  Sk^  (f  74  Guns, 

As  this  effect  cannot  be  found  in  any  other  manner  than  by 
sui^xising  the  sur&ce  of  the  ship  composed  of  numerous  plane 
triangles^  the  angle  of  incidence^  and  thence  the  relative  resist- 
ance^  must  be  found  for  each  plane  separately. 

On  Fig.  70,  which  is  the  body  plan  of  a  ship  of  74  guns, 
set  off  from  A  B  the  upper  water-line,  eight  distances  of  2,37 
feet  each,  which  is  the  distance  between  the  water-lines :  draw 
the  lines  2, 3, 4y  &c. ;  then  there  ate  nine  water-lines.  Thus 
the  spaces  between  the  profiles  of  the  sections^  and  between  the 
water-lines  on  the  whole  body  plan,  are  divided  into  rhomboids 
or  trapeziums  CDEF;  draw  the  diagonal  CE.  Thus  the 
body  plan,  and  consequently  the  surface  of  the  ship,  is  divided 
into  a  great  number  of  plane  triangles. 

The  method  of  obtaining  firom  this  body  plan  the  direct 
resistance  of  the  water  on  the  forepart  of  the  ship,  and  the 
force  of  cohesion  abaft  in  opposing  its  course,  is  found  in  tlie 
Treatise  just  mentioned,  §  24,  but  with  this  difference:  that 


1  ThstsdtsfthsfigiMitflbistEtndstisBithitfttatfoflhsoiigi^ 


I 

Digitized  by  Google 


^70 


Qh(qfmm*$  Work  <m  8M^  ({f 


there,  an  equal  distance  is  supposed  to  he  between  the  sections, 
whereas  here,  the  distance  between  the  sections  forward  is  iesui 
^an  th«  distance  between  the  sections  abafu   fbe  shQiter 
dUtanoea  at  the  extremitiei  of  the  ship  to  the  stem  and 
post  are  talran  from  the  drawing  of  the  ship. 

In  case  the  reader  has  not  the  Transactions  of  the  Royal 
Academy  of  Sciences"  mentioned  in  the  preceding  section,  or  the 
%ure  i8.  Fig.  71  is  a  copy  of  that  part  of  it  which  is  neces*- 
sfiry  in  Coding  the  resistance  a  ship  experiences  in  its  motion 
tftioilgh  the  water* 

In  the  space  P  DUX  BP,  the  direct  resistance  from  the 
0  section  to  the  stem  will  be  found,  and  in  the  space  B  Ppn 
PrBf  the  force  of  cohesion  from  the  0  section  to  the  sternpost* 
Qn  the  iine  AB,  set  off  from  A,  a  distance  ^  /  s  the  distance 
to  the  section  which  is  before  the  ®  section,  and  drQW  /  tf| 
perpendicular  to  AB»  From  A  set  6ff  Att  ^  the  distance  to 
the  section  which  js  abaft  the  ®  sectioii,  aud  draw  i  i  u  perpen- 
dicular to  j5. 

Suppose  that  the  distance  between  the  lines  Cj6and  KA 
(Fig,  7&)f  and  the  distance  between  the  lines  LF  and  GB 
(Fig.  73),  is  s  the  'distance  between  the  water-lines  on  the 

body  plan  (Fig.  70)  that  CK  and  B  A  (Fig.  72)  are  a  part 
of  the  exterior  surface  between  two  successive  sections  in  the 
fgre  body,  also  F£  and  L  G  (Fig.  73)  a  part  of  the  exterior 
snrface  between  two  successive  sections  in  the  after  body  of 
the  ^ip»  From  A  (Fig.  72)  draw  the  line  AD  Bt  right  angles 
to  the  line  CK,  and  6  if  (Fig.  73)  at  right  angles  to  the  line 
Fjb:,  From  t  (Fig.  71)  set  ofif  tw  =  AD,  and  tt  u  =  GH 
From -4  through  the  points  w  and  w,  draw  the  lines  Aiv  and 
Ar ;  then  y a?  is  the  direct  resistance  on  that  part  of  the  fore 
body  of  the  ship,  and  p  r  the  force  of  cohesion  on  that  part 
of  the  after  body*  These  distances  y»  and  are  measured 
by  the  constant  scale  of  feet  before- mentioned.  If  the  dis- 
taiice  GH  (Fig.  73)  =  utty  is  so  great  that  it  makes  an 
angle  greater  than  the  angle  BAP,  which  happens  abaft  at 
the  water«-line»  and  where  the  sections  are  nearer  to  each  other 
and  to  the  sternpost,  then  the  force  of  cohesion  is  nevertheless 
not  greater  than  n  P;  that  is,  if  the  ship  has  ailat  stem,  whieli 
€omes  down  low  in  tiie  wtUer,  theu  ti^c  force  of  i;ohci3ion  is 
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comtaot  aeafe  before  meiitioiied^  by  wbicb  tbe  distances  y  m 
and  pr  art  measured  (witbeiit  legard  to  the  seale,  aceofding 

to  which  the  drawing  of  the  ship  is  made,  for  whether -4/ 
19  longer  or  shorter,  tw  \&  also  in  the  bame  proportion  longer 
cr  shorter,  and  thus  the  angle  BAx  is  constant),  is  made  of 
brasSy  similar  to  Fig.  74  ^nd  7^  \  but  the  iindetenniiied  end^ 
M  N,  will  be  an  inch  longer  than  the  distance  from  P  to  A 
(Fig.  71).  The  edges  which  are  graduated  are  made  thin,  and 
both  sides  of  the  scale  must  either  gilt  or  lackered>  that  it 
may  not  soil  the  paper. 

It  will  be  seen  by  the  following  examptcy  how  the  resistance 
of  a  Mf  of  74  guns  is  to  be  found 
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As  it  cannot  be  deariy  seen  from  these  niimbets  how  the 
effect  of  the  water  diminishes,  accordinj^  to  the  form  of  -  the 

ship,  from  the  upper  water-line  to  the  keel,  the  figures  7(3,  77, 
78,  &c.  are  drawn  in  this  manner:  the  horizontal  lines  1,  2, 
3,  &c.  on  each  figure  represent  the  water-lines,  and  on  the 
ticked  lines  between  the  water-lines  is  set  off  the  part  of 
the  effect  which  is  found  in  the  tables,  as  well  of  the  resistance 
forward,  on  the  right  side,  as  of  the  cohesion  ahaft,  on  tiic  kft 
side  of  each  figure.  Fig.  76  represents  the  effect  of  the  water 
on  a  ship  of  1 10  guns  j  Fig.  77  on  a  ship  of  94  guns ;  Fig.  78 
on  a  ship  of  60  guns;  Fig*  79  on  a  ship  of  74  guns;  Fig*  80 
on  a  ship  of  66  guns;  and  Fig.  81  on  a  two- decked  frigatel 
The  same  calculations  are  also  made  for  a  French  ship  of  120 
guiiJ>,  the  Sans  Culotte  (Fig.  82),  and  for  an  English  ship  of 
74  guns,  the  Brunmmck  (Fig.  83) •  From  this  it  may  be  seen 
what  effect,  especially  on  the  after*part,  fulness  or  great  sharp- 
ness^  produces,  in  retarding  a  ship's  progress* 

Thus  the  resistance  is  found,  which  a  ship  experiences  in 
its  course  ;  namely,  the  opposing  force  wliirli  the  water  exerts 
on  its  bow,  and  the  force  of  cohesion  of  the  water  abaft,  which 
opposes  the  ship  and  retards  its  course,  in  proportion  to  its 
force*  As  it  is  both  these  forces  which  jointly  retard  a  ship's 
motion,  it  follows  that  they  must  be  added  together,  and  be 
given  the  general  name  of  the  resislauce  of  tha  sldp^  which  is 
found  in  the  following  table  fur  each  sbip*^ 

Tabi:e  No.  26. 


Re^tsoee  of  the  w.  forward  j  6^!0  4 
Force  of  coheiiioo  abaft  • , . . 


RecUtance  of  the  sbip  on 
one  aide  aR 


} 


no 

94 

80 

74 

66 

52 

Rana 
Culotte 
120 

Branit- 
74 

1025 

.'lino 

4/73 

4485 
74fi 

3509 
497 

7435 
1695 

5334 

130:» 

7773 

6808 

6045 

5:>86 

5231 

4006 

«:3« 

(7b  be  continued  in  the  ncjct  Number.) 


^  Suppose  tbat  the  fbip  ia  sot  dinisiahed  at  the  extremitiea,  but  retaina  the 
fonn  of  ibe  0  aectbn  firom  oue  end  to  tbe  other  \  then  it  will  be  found  that  tiie 

effeetof  the  water  abaft  in  retarding  tbe  ship's  course,  is  in  this  case  something 
aaore  than  one-third  of  tbe  reeistance  forward  ;  hence  it  follows*  that  the  pro- 
blem of  the  renstance^odies  experience  J  rom  the  water  ia  not  correctly  solved, 
if  tbe  expreaaioa  doea  aot  slearlj  show  the  eiect  of  the  water  aepaiatel/  for 
each  end* 


Digitized  by  Google 


A»Tt  XIX.^        ¥fi^     PmUOes  of  Steam  Ve$^ 
fo-ap  It pnmi  imiuilm  Jfeltgn,  jB{|rMji.Wjii«HiarMraoii^ 

During  a  passage  on  board  the  Bmnnciek  ^team-vessel, 

from  Plymouth  to  Portsmouth,  in  July  1828,  the  unpleasant 
sensation  experienced  from  the  tremulous  inoilon  of  the  vessel 
led  to  a  consideration  of  the  cause  of  this  motion*  It  soon 
appeared  to  the  writer  that  it  was  caused  principally,  if  not 
entirely,  by  the  successive  and  distinct  impulses  of  the  paddles 
against  the  mter ;  and  that  if  the  number  of  paddles  on  a 
uheel  ton  Id  be  indefinitely  increased,  so  that  there  would  be 
an  indehnitely  small  interval  or  space  between  iheiq^  tliere 
would  in  all  pcobabiiity  be  no  tremulous  motion, 

Aboi|t  a  fortnight  snbsequently  to  this  period^  whilst,  perajs^ 
ing  a  Memoir  on  a  new  system  of  cog  or  toothed  wheels^  by 
the  late  Mr.  Jaiueii  W'liite,  of  Manchester,  in  his  "  New  Cen- 
tury of  inventipns,"  it  occurred  to  the  writer,  that  if  the  prin- 
ciple of  those  cog-wheels  could  be  adopted  in  the  construction 
of  the  paddle-wheels  of  steam-vesselsi  the  tremulous  motion 
would  be  totally  annihilated.  This  idea  was  made  Hnown  a 
few  days  afterward  to  the  conductors  of  "  Papers  on  Naval 
Architecture,*'  and  to  two  or  three  other  persons  ;  and  it  was 
not  until  August  last  the  writer  was  informed  the  paddle- 
wheels  of  the  Brumwkk  had  been  fitted  in  a  similar  manner^ 
and  that  they  had  beea  found  to  render  the  motion  of  the 
vessel  through  the  water  uncommonly  smooth  and  easy^  witb- 
out  occasioning  a  considerable,  if  any,  loss  of  velocity. 

b  is  stated  by  Tredgold,  in  Partington's  account  of  the 
steam  engine,  page  272,  that  The  best  positiion  for  the  pad- 
dles appears  to  be  in  a  plane  passing  through  the  axis  (of  the 
wheels) ;  if  they  be  in  a  plane  which  does  not  coincide  with 
the  axis,  they  must  either  strike  liiure  obli({uely  on  the  fluid  ia 
entering,  or  lift  up  a  considerable  quantity  in  quittuig  it.  With 
respect  to  the  shape  of  the  paddle,  it  is  clear  that  it  sho|ild  be 
such  that  the  resistance  to  its  motion  should  be  the  greatest 
possiblct  and  the  pressure  behind  it  the  least  possible..  TThes^ 
4:onditions  appear  to  be  fitlfilled  in  a  high  degree  by  the  3im- 
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plest  of  all  forms,  the  plane  rectangle ;  but  we  might  learn 
much  from  a  judicious  set  of  experiments  on  this  subject." 
Until  Mr.  White  had  so  strikingly  shown  the  contrary,  it  was 
universally  thought  that  the  best  position  for  a  tooth  of  a  cog- 
wheel  was  in  a  plane  coincident  widi  the  axis;  or,  which  is  the 
same  thing,  that  the  teeth  should  be  parallel  to  the  axis.  It 
will  be  endeavoured  to  show  that,  all  things  considered,  the 
best  way  of  placing  the  paddles  of  steam-vessels  is  oblique  with 
respect  to  the  axis  of  the  wheels. 

Assuming  that  the  tremulous  motion  is  produced  solely  by 
tlie  impulses  of  the  paddles  against  the  water,  it  must  be 
admitted  to  be  impossible  that  the  tremulous  motion  can  be 
removed  whilst  there  exists  an  interval,  however  small,  between 
the  successive  strokes  of  the  paddles.  It  is  considered  there 
can  he  no  other  way  of  getting  rid  of  this  interval,  than  by 
placing  the  paddles  at  such  an  angle  of  inclination  to  the  axis, 
that  the  outer  end  of  one  paddle  shall  be  in  the  same  athwart- 
ship  plane  with  the  inner  end  of  the  next ;  so  that  at  the 
instant  a  paddle  has  passed  any  given  transverse  plane,  the 
•  succeeding  paddle  shall  have  arrived  at  that  plane.  The 
interval  between  the  successive  strokes  of  the  paddles  being 
reduced  to  nothing  by  placing  the  paddles  at  the  requisite  angle 
of  inclination  to  the  axis,  the  whole  force  of  the  resistance  of 
the  paddles  against  the  water  must  be  continually  the  same, 
and  the  moving  power  of  the  wheels  must  be  perfectly  uniform 
and  equable. 

The  form  of  these  paddles  is  obviously  not  that  of  ^  a  plane 
rectangle,*  because  all  lines  drawn  on  them  in  planes  at  right 
angles  to  the  axis  of  the  wheels  are  radii  of  the  wheels.  The 
surface  of  each  paddle  accordingly  will  not  be  a  plane,  but  a 
curved  surface,  and  of  a  spiral  or  screw  form. 

As  the  paddles  by  being  placed  obliquely  would  of  course  be 
driven  more  easily  through  the  water  than  when  placed  in  the 
usual  manner,  it  is  proper  to  inquire  whether  the  motion  of  a 
vessel  would  be  considerably  retarded  in  consequence  of  the 
obliquity  of  the  stroke  of  the  paddles  against  the  water.  It 
appears,  from  Art.  34,  Vol.  I.  of  this  Work,  that  the  general 
rule  for  placing  the  paddles  is  to  divide  the  circumference  of  the 
^hee!  in  such  a  manner  that  there  may  be  as  many  paddles  as 
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the  diameter  of  the  wheel  contains  linear  feet.  Assuming 
accordingly  that  the  distance  between  the  paddlea  diiould  geiie- 
Tftiiy  be  about  thrtee  feat,  mid  that  tbe  whe«l8  may,  be  about 
Qigbt'fMt  broad»  the  aiigle  which -aa  oblique  pa4dle  miild 
form  with  A  pUne  passing  through  the  axis  of  the  Wheels  wouM 
be  about  20^^    The  resistance  of  a  paddle  placed  at  an  incli- 
nation of  20^"  to  the  axis,  calculated  according  to  the  common 
theory  pf  resistances^  would  be  about  0^62  of  that  of  a  common 
paddle,  if  both  were  fixed  on.the  same  wheel*   And  the  whole 
resistance  of  a  wheel  with'  oblique  paddles  would  be  about  0,82 
of  that  ot  a  wheel  of  the  ?ame  size  with  commoii  paddles,  if 
both  were  moved  with  equal  velocities.    But  if  the  wheels  of 
one  steam  vessel  were  to  be  fitted  with  oblique  paddles^  and 
those  of  another  vessel  of  the  same  form  and  dimensions,  and 
similarly  circumstanced  in  every  respect,  with  common  paddles, 
as  the  resistance  of  both  vessels  to  motion  would  be  the  same, 
and  the  power  of  the  engines  to  turn  their  wheels  the  same  in 
both,  the  wheels  with  oblique  paddles  would  be  turned  faster 
than  those  with  the  common  paddles,  and  thus  the  whole  resist- 
ance  against  the  water  of  the  wheels  with  oblique  paddles, 
would,  it  is  probable^  be  very  much  more  than  0,S2  of  that 
of  the  wheels  with  common  paddles.    And  as  the  velocity  of  a 
vessel  is  proportional  to  the  square  root  of  the  resistance  to 
her  motion,  the  velocity  of  the  vessel  with  oblique  paddles 
would  probably  .be  very  much  jB^eater  than  nine-tenths  of  that 
of  the  vessel  with  'common  paddles.   It  thus  appears  to  be 
highly  jjioiKiijlc  tliat  a  considerable  sacrifice  of  velocity  would 
not  be  incurred  if  the  wheels  of  steam -vessels  were  to  be  made 
of  tlie  same  breadth  as  at  present  and  fitted  with  oblique  pad- 
dles I  and  of  course,  if  the  wheels  were  to  be  made  a  few  inches 
broader,  or  if  the  power  of  the  engines  were  to  be  increased 
in  a  small  degree,  the  whole  effect  of  wheels  with  oblique 
paddles  would  be  quite  as  great  as  with  common  paddles ;  and 
it  is  certain  the  tremulous  motion  caused  by  the  distinct  im* 
pulses  of  the  paddles  against  the  water,  ^  would  be  wholly 
removed. 

An  advantage  of  this  method  of  oblique  paddles  over  other 
methods  which  have  been  proposed  is,  that  the  paddles  can  be 
fitted  with  iJ&e  same  facility  and  firmnees  as  common  paddlea  | 
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instead  of  befiig  cut  straight.  Of  the  expediency  of  gettiog; 
rid  of  the  tremulous  niolion,  it  may  be  ol^sei  ved,  that  it  wuuld 
'reader  steaux-vefi^a  a  much  more  agreeable  means  of  convey- 
-aiioe  than  they  have  been  hitherto ;  a«id  it  is  not  improbably 
that  this  incessant  jarring  motion  is  in  jsome  degree  detrimental 
to  the  streiif^h  of  their  hnlls,  and  that  it  M^ould  be  especially 
so  to  the  hulls  of  steam-vessels  of  war,  on  account  of  the  great 
weights  of  their  arxuameiit. 


Art.  XX.— ^  Method  of  eon^ting  the  Tension  of  Rqpee ; 
applied  to  determine  the  Strain  in  Baperiments  similar  to 

tTiose  by  lohich  Anchors^  i^c.  have  lately  been  tried  in  Ports- 
mouth  Dock-yard.     By  Mr.  G£0RG£  CouttTKKy,  of 
Majesty's  Dock-yard,  Portsmouth, 

Experiments  ou  a  very  large  scale  are  frequently  instituted 
in  Portsmouth  dock-yard,  in  which  anchors  and  other  articles 
of  great  magnitude  are  tried  against  each  other,  to  compare 
the  strength  produced  by  various  modifications  of  their  con- 
struction or  manufacture.  Not  lon;^  since  two  anchors  were  thus 
tried,  one,  constructed  by  Lieut.  Rodger,  R.  N.,  on  a  principle 
for  which  he  has  taken  out  a  patent;  the  other,  the  anchbr 
commonly  used  in  the  service,  and  manufacture^  on  the  prin- 
ciple of  Mr.  Pering.  Very  recently  also  a  comparison  was 
made  between  two  methods  of  connecting  a  chain  to  a  Iiempen 
cable,  one,  by.  splicing  them  together  with  chain  tails,  as  is  at 
present  the  case  i  the  other.  By  splicing  an  eye  in  the  end  of 
the  cable,  and  uniting  it  to  the  chafn  by  a  conneeting  link,  ac- 
cording to  a  plan  proposed  by  the  Honourable  Captain  ElHoi. 
In  eaeli  of  tlu  se  cases  the  superiority  of  one  anchor,  or  one 
mode  of  connection,  was  clearly  manifested  by  the  breaking  of 
its  antagonist. 

These  experiments,  however,  would  certainly  be  rendered 
more  valuable,  if  the  exact  strain  eKisting  at  the  moment  of 
breaking  were  correctly  ascertained)  and  a  more  complete 
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knowledge  of  the  merits  of  the  articles  compared  would  be 
^ieqttired  by  breilking  them  in  sueeesimi,  and  comparing  ibe 
Jtftim  niccoary  to  dfcet  Ms.  An  emy  tnathod  of  eompatii^g 
theftfe  stmina  \%  tfw  stibjeet  of  this  pdpcr* 

It  will  be  previously  necessary  to  give  a  short  description  of 
the  manner  in  which  these  experiments  (those  on  anchors  for 
example)  are  conducted. 

A  part  of  the  yaril  is  selected  where  two  etorehottset  an 
erected  immediately  opp^te  to  each  other,  and  separated  by  « 
narrow  road.  A  strong  beam  of  timber  is  laid  across  each  end 
of  the  road,  and  resting  against  the  walls  of  tlic  storehouses. 
To  these  beams  the  anchors  are  hooked  by  their  palms,  their 
rings  being  placed  towards  each  other.  To  the  rings  two  tre- 
ble blocks  are  lashed,  through  which  tackles  are  rove,  to  which 
other  tackles  are  applied,  and  the  falls  led  away  to  capstans 
which  are  hove  round  till  one  of  the  anchors  is  broken. 

Let  AB  (Fig.  84)  be  one  of  the  parts  of  the  main  purchase, 
lying  between  A  and  jB  two  of  the  sheaves  of  the  blocks.  Bisect 
ABia  C,  and  draw  CD  perpendicular  to  A  Bin  9,  plane  parallel 
to  the  horizon ;  at  any  point  D  in  CD  let  a  pulley  be  fixed, 
over  which  let  a  cord  be  passed,  having^one  etui  fixed  to  AB 
at  C,  and  the  weight  W  attached  to  the  other,  and  hanging 
freely  dowti*  The  point  G  of  the  cord  ACB  will  be  thus 
drawn  in  the  direction  C  J^,  till  an  equtlibriain  subsists  betweea 
the  tensions  of  the  cords  A  F,  jP JB,  and  F2>.  Let  A  FB  be 
the  position  of  ei^uiiibrium,  and  complete  the  triangle  of  forces 
AFM,  then, 

tens.  AF  :  tsa&.FD  AF       :  Fff 

:t  [AF  +  FB)  :  2FH 
or,  substituting  W  =s  tens.  FD  ;  and  4  wPC  sc  2FM 
tens.  AF  :       W     \\  {AF     FB)  :  4  FC 

therefore,  tens,  AF  «  \r  i^^,  

'  4FC 

^  WxAB 
or,  tens.  AB  isi  •  ^jpq"  very  neany. 
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No#  ilB  be  that  pan  of  the  tackle  whkli  lies  e^iiaHy  be^ 
t$fem  the  Btanding  and  running  parts,  and  n  be  ^  whule 

number  of  parts,  n  x  tens.  AB  is  equal  to  the  whole  effort  of 
the  tackle^  therefore^ 

W  X  AB 

the  whole  effort  =  «  x  "\^jp^  '  • 

In  which  expression  substituting  the  proper  values  for  the 
constant  quantities  Uy  Wy  and  A^,  and  for  the  variable  quan- 
tity F  C,  which  roust  be  observed  at  the  time  of  the  experiment| 
the  whole  effort  of  the  tackle  will  he  found.  It  is  manifest  that 
no  correction  will  be  required  on  account  of  friction. 

It  may  t)e  suggested  that  there  are  collateral  advantages  to 
be  derived  from  these  experiments  without  interfering  with 
their  main  purpose. 

1st.  A  valuable  set  of  experiments  on  the  deflection  of 
timber  of  large  dimensions  would  be  obtained,  by  em- 
ploying timbers  of  different  species  and  dimensions  iu 
each  successive  trial. 
2od.  The  friction  caused  by  pulleys  may  be  investigated 
by  applying  weights  to  each  part  of  the  tackle^  and 
^us  estimating  the  tension  of  eacb  part. 
The  tension  of  Ihrouds  may  also  be  regulated  in  this  man« 
Tier,  and  the  weight  of  masts  ascertained  when  suspended  from 
the  sheers. 


Art.  XXi^On  tlie  Metacentre  and  Metacentric  Curve.  By 
Ma.  Samubl  Rba]>9  of  his  Mi^jeity's  Dock-yard  at  Chatham. 

By  pursuing  a  train  of  reasoning  similar  to  that  which  At- 
wood  has  employed,  and  which  may  be  seen  in  the  "  Philoso- 
phical Transactions"  of  the  Royal  Society  for  1796  and  1798, 
we  shall  have  the  moment  of  stability  of  a  floating  body 

exprcbsed  by  the  geaeral  equation. 

mrhere  V  represents  the  volume  of  displacement  x  A  the  volume 
of  immersion  or  cncrston  at  thp  given  angle  (a)  of  inclination 
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2^       Ot^tkiiM^^mtre  ami  M^tamUrk 

or  heeling;  b  the  faanMntal  distance  between  the  centres  of 
gravity  of  the  voliunes  immersed  and  emerged ;  G  Z  the  pefpea- 
diciUar  drawn  from  the  centre  of  gravity  of  the  floating  mans 
to  the  line  of  support ;  and  d  the  distance  between  the  centre 

of  gravity  and  the  centre  of  buu^aacy  coirespondiiig  to  the 
upright  position. 

Now  supposing  A  to  be  indefinitely  small,  and  that  the  ver- 
tical  transverse  sections  of  a  vessel  are  similar  and  equal  with 
respect  to  the  longer  axis,  the  common  section  of  the  inclined 
■water-line  with  that  corresponding  to  the  iipriglit  }}nsition  will 
coincide  with  the  middle  line  of  tlie  latter  plane,  and  conse- 
quently the  areas  of  immersion  and  emersion  in  the  vertical 
transverse  sections  may  be  considered  as  equal  isosceles  triangles. 
With  these  circumstances  in  remembrance  let  WATBF 
(Fig.  85)  be  a  vertical  transverse  section  symmetrical  with 
regard  to  its  axis  TG^  m  which  are  the  centre  of  gravity  G  and 
centre  of  buoyancy  D ;  and  let  the  line  of  support  Q  3f  cut  the 
diametrical  section^  passing  through  TG  9X  right  angles  to  the 
plane  of  WA  TBF^  in  the  point  M  above  6,  the  water's  sur- 
face coinciding  with  the  line  AB  :  put  the  breadth  AB  = 
then  in  the  general  expression  just  given  we  shall  have^ 

.        sin.  A     ,  r     2  / 
A  =  and  b  =  -3- 

hence,       X  F=         ^  X  1^  -  rfrsin.  A 


,  n  V      ^       ^  • 

CrZ  =  — -— —  ^  asm,  A 


the  same' value  as  that  obtained  for  GZ  in  Atwood's  1 0th  case, 
where  the  vertical  transverse  sections  are  etjual  circles.* 
Again^ 

sm.  A      12  V 

andZ)M=  GM  +  d  = 


12  V 


Fbilosopliical  TwDsactigna,  1798. 
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The  point  M,  whose  poritton  is  indicated  by  the  last  expret- 
tion,  is  called  the  Metaeenire$  ^  and  supposing  the  point  Q  to 
move  upwards  In  the  line  TOM  prodncedy  is  evidently  the 

point  in  its  motion  at  wViich  the  equilibrium  of  stability  becoaiea 
insensible,  and  is  then  succeeded  by  a  state  of  instability,  when 
a  spontaneous  change  of  position  of  the  floating  mass  will 
ensue  until  the  relative  situation  of  the  points  M  and  G  are 
such  as  again  to  produce  the  state  of  stability* 

When  the  point  G  is  below  the  point  My  the  value  of  GZ 
in  the  above  expression  is  positive ;  when  the  same  point  coin- 
cides with  the  point  M  we  have  GZ  =  sero ;  and  if  G  be 
abofe  M,  the  line  GZ  becomes  negative ;  it  may  therefore  be 
generally  concladed  that  the  Im^  GZ  drmm  from  ike  centre 
of  ffratfUff  of  ike  veeeel  perpendUmhar  io  the  Ufie  efwfj^wi  tt 
posUive,  zero,  or  negative^  accordingly  as  Iht  state  of  stabUUy^ 
msensibility,  or  instability,  obtains. 

It  is  evident  from  the  last  expression  but  one,  that  G  M 
mtes  mGZ,  and  may  therefore  be  regarded  in  the  case  before 
US  as  a  measure  of  the  stability  instead  of  GZ.  Consequently, 
when  the  point  G  coincides  with  the  point  2>,  the  height  DM 
may  be  taken  as  the  measure  of  the  stability. 

To  obtain  a  formula  for  the  height  of  the  metaceutre  in  a 
vessel  whose  vertical  transverse  sections  and  breadths  vary  at 
tiie  water's  surfince,  we  may  proceed  as  follovirs. 

Let  »  be  any  variable  portion  of  the  length  measured  on  a 
line  passing  through  the  water-section  so  as  to  divide  it  iato 
two  equal  and  symmetrical  parts,  and  let  y  be  the  variable  half 
breadth  or  semi-ordinate  of  the  water-^^ection  corresponding  to 
the  length  m ;  then  we  have  the  triangles  of  immersion  or  emer* 

non  in  this  case,  each  equal  to  Oi^iA^  and  the  evanescent 

solids  immersed  and  emerged  each  equal  to  ^     ■  ♦ 

Now  the  centre  of  gravity  of  each  of  these  very  small  prisms  may 

•  ^  2w 

be  considered  as  at  a  horizontal  distance  from  »  equal  to 

1  BoQgosri  1Mt6  dii  Nsm « 
vol.  Ili«  IT 
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ami  thenfore  their  moments  with  mpect  to  #  will  eadi  be 

,  ^       sin.  dx  ^  2y         sin.  A     „  ... . 

eqiuj  to  * — g        ^  — 3  Hence  putting  aa 

before  the  volume  iiuuicised  or  emerged  =  A,  the  distances 
of  the  Genties  of  gravity  of  the  volumefi  immersed  aad  emerged 

from  w  being  each  equal  to  — •  the  horiaoiitBl 

distance  between   the  same  two  centres  will  be  equal  to 

2/«'  sin,  A  ds      ,  ^  ^  ^  ir  l 
 ^           and  the  expression  CriS  X  K  =;  — 

dm*  A  Fbeeomee^'by  sttfaatitnttngiiar  6  the  value  just  foondy 

X  r=  — - — 5  dV  situ  A 

sm.  A  or 
Tlw  two  formuls  G  if  s:        ^  il  and  G  if  a  ^  <f 

are  principally  of  use  to  determine  whether  floating  bodies  will 
sustain  themselves  permanently  in  the  upright  position  or  spon- 
taneously upset ;  but  the  second  formula  has  been  considered 
by  most  authors  who  have  treated  on  the  theory  of  naval 
architecture  to  be  a  sufficient  criterion  of  the  stability  of  a 
ship ;  not  only  at  evanescent,  but  also  at  finite,  angles  of 
heeling.  It  is  vaia,  however,  to  conceal  that  the  conditions 
on  which  this  expression  is  founded  do  not  justify  such  an 
extension  of  its  use^  and  the  most  vexatious  disappointments 
have  repeatedly  punished  those  who  have  relied  implicitly  on 
assurances  thus  iHegitimately  obtained  from  it,  regardless  of 
the  cautions  of  its  discoverer^  the  talented  iiouguer.  The  naval 
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architect  will  not  need  in  tliis  plaice  a  particular  account  of 
such  prooft  of  the  insufficiency  of  the  metacentric  theory  as  ' 

usually  applied  to  shij3s :  the  history  of  his  art  and  his  own 
recollections  will  afford  tliis  5  but  to  the  more  general  reader 
we  would  recommend  the  perusal  of  the  facts  related  by  Romme 
in  his  "  L'Jrt  de  la  Marine,"  and  which  have  been  detailed 
in  ^  Papers  of  Naval  Architecture/'  at  page  62^  vol*  I. 

Let  the  curve  JEr/f  7*  (Fig.  86)  be  the  locus  of  the  centre 
of  buoyancy  during  successive  indefinitely  small  inclinations 
from  the  upright ;  the  centre  of  buoyancy  in  that  position 
being  in  the  point  E  in  the  vertical  axis  EX  of  the  transverse 
section  pasnng  through  the  centre  of  gravity.  Let  the  water-  ^ 
line  ad  be  that  corresponding  to  the  first  inclination;  a'^  that 
corresponding  to  the  second,  and  so  on.  Suppose  the  evanes- 
cent portion  Et  of  the  curve  ^^^T  to  be  contemporary  with 
the  water-line  ab^  draw  tM  perpendicular  to  the  curve  at  t 
and  intersecting  the  vertical  axis  EX  in  the  point  ilf:  this 
point  will  he  the  metacentre  corresponding  to  the  upright  posi* 
tion.  Let  another  very  small  portion  tt^  of  the  Curve  he  taken 
contemporary  with  the  water-line  a'^:  draw  perpendi- 
cular to  the  curve  at  f  and  let  it  intersect  t  M  produced  in  the 
point  m,  which  will  be  the  metacentre  corresponding  to  the 
water-line  ad;  aifd  in  the  same  way  may  119^  and  other  points 
he  found,  mf  being  the  metacentre  corresponding  to  the 
water-line  a'  6'.  Now  since  the  points  My  m,  &c.  are  deter- 
mined by  the  intersections  of  the  perpendiculars  to  the  curve 
Ett'T&t  the  very  small  intervals  Et,  tt\&ic.  it  follows  that 
they  are  centres  of  cnrvature  to  the  same  curve :  consequently 
these  points  must  be  in  the  evolute  of  the  cum  EtfT*  Hiis 
evolute  is  termed  by  Bougiier  the  metaeentrie  cmve,^ 

As  the  leading  property  of  the  curve  E  1 1'  described  by 
the  centre  of  buoyancy  is,  that  its  tangents  are  always  parallel 
to  the  water's  surface  corresponding  to  the  touching  point,  it  is 
evident  that  its  radii  of  curvature  always  coincide  with  their 
contemporaneous  lines  of  support. 

The  metacentric  curve,  and  not  the  metacentre,  has  been  * 


*  The  eorrs  deMrib«d  by  the  osntn  of  booysncy  m^x,  for  the  stks  of  ct||- 
tiai6tioo>bo  oilW  thomf«MiilHeMiw'u<e. 
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considered  by  its  author,  M.  Dourer,  to  indicate  whether,  at 
A  finite  angle  of  heeling,  a  floating  body  is  secure  from  upset- 
ting,  in  which  case  the  metaeentric  cunre  rises  as  the  body 
inclines  $  and  on  the  contrary^  if  during  the  inclination 
the  metacentric  curve  detcendi,  the  body  is  deemed  to  be 
insecure. 

We  shall  presently  endeavour  to  explain  how  far  the  proper- 
ties of  the  metacentric  curve  justify  the  conclusions  just  men- 
tioned. M.  Bouguer  asserU  them  without  any  demonstration,^ 
which  M*  Clairbois  has  attempted  to  supply,'  by  the  investi- 
gation of  two  eases  similar  to  cases  6  and  7  given  by  Atwood 
in  his  examination  of  the  subject.'  In  the  first  of  these  two 
cases,  viz,  when  the  vertical  transverse  sections  of  a  vessel  coin- 
cide with  the  sides  of  an  isosceles  triangUi  placed  with  the 
irertex  downwards,  Clairbois  shows  that  the  metacentric  curve 
rises  as  the  inclination  increases,  and  causes  the  radii  of  curva^ 
tnre  of  the  meiaeenirie  tnvohUe  to  cut  the  vertical  axis  of  the 
body  at  points  progressively  ascending,  whilst  the  radii  them- 
selves elongate.  In  the  second  case,  or  when  the  same  body 
is  so  placed  that  the  vertex  of  the  transverse  section  is  upwards, 
he  says,  that  the  metacentric  curve  daeendSf  and  consequentiy 
that  the  body  will  upset,  at  a  certain  inclination,  when  the  line 
of  support  passes  below  the  centre  of  gravity.  This  last  con- 
clusion, however,  viz.  that  the  metacentric  cun'e  descends  when 
the  vertex  of  the  triangle  is  above  the  fluid,  is  incorrect,  for 
it  vrill  be  found,  on  strict  examination,  that  the  locus  of  the 
auccessivemetaeentiee  will  rise  in  this  case  also. 

IVhibt  it  is  difficult  to  conceive  how  any  person  moderately 
conversant  with  geometrical  investigation,  or  at  all  sensible  of 
its  inflexible  character,  much  less  sucli  an  eminent  geometer  as 
Bouguer,  could  have  relapsed  into  such  a  loose  method  of 
deriving  results  as  Atwood  seems  to  insinuate  has  been  the 
fiict  vrith  regard  to  the  metacentre ;  it  is  also  very  surprising 
how  the  latter-mentioned  author  could  have  read  the  ^ 
d»  Namre,"  and  the  palpably  erroneous  discussion  of  the 


1  Tnit6  dn  Nsvirt,  p.  S69  and  ibUowiag  psfis» 

<  Esssi  G«aD«tri4|««  tor  rAiehiteeUim  If snto,  pt  sad  fidkuring  pigif* 
f  rhOofopliiMl  TssBssstiont  to  1796. 
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question  given  by  ClairboM^  without  immediately  detecting  the 
cause  of  the  discrepancy  which  he  ultimately  assumes  to  exist 

between  his  own  conclusions  and  those  of  the  inventor  of  the 
metacentric  theory.  But  neglecting^  for  the  present,  any  fur- 
ther remark  on  the  error  into  which  Atwood  has  undoubtedly 
lallen  by  a  too  implicit  reliance  on  Clairbois'  illustration  of 
Bouguer's  principles,  we  shall  proceed  to  show  where  the 
deductions  of  M.  Clairbois  are  true  and  where  false. 

It  will  not  be  necessary  Iiere  to  follow  strictly  M.  Clairbois' 
method  of  treating  the  subject^  more  particularly  as  his  analysis 
is  very  much  encumbered  and  tedioua  to  follow  in  some  parts* 
We  shall  point  out  by  a  much  shorter  and  equally  legitimate 
method,  that  instead  of  the  mtceesswe  rm^i  of  curvature  of  the 
metacentric  involute  usccnding  in  the  first,  ajid  descending  in 
the  second,  of  the  cases  nnder  cotrnderatUm,  as  he  pretends  | 
they  will  ascend  in  both,  cases. 

Let  A  B  (Fig.  87)  be  the  water-line,  when  the  isosceles 
wedge  MA  CBF  is  floating  in  the  upright  position;  and 
Imagine  the  body  to  be  inclined  until  the  water's  surface  coin* 
cides  with  the  line  a  b  ;  obsemng  tliat  the  angle  jP  is  not 
immersed.  Now  as  the  volume  of  displacement  remains  unal- 
tered, the  areas  aCB  and  ACB  are  equal  to  one  another. 
Bisect  ab  in  the  point  d,  also  bisect  in  the  point  D :  then^ 
by  the  property  of  the  li}  perbola,  d  and  D  will  rcspectiTely  be 
the  points  of  contact  of  an  hyperbola  with  its  tangents  a  6 
and  AB;  AC  and  Cb  being  the  assymptotes,  and  D  the 
vertex,  of^the  curve.  Join  C  D,  which  being  (from  the  hypo- 
thesis) perpendicular  to  A  B,  will  be  the  axis  of  the  curve  d  Dm 
It  appears,  therefore,  that  the  water-line  in  every  position  of  the 
body  will  be  a  tangent  to  this  hyperbola,  and  that  the  infinitely 
small  portion  of  the  tangent  at  the  successive  points  of  bisection 
will  coincide  with  the  hyperlnjla.  But  as  the  centre  of  buoyancy 
moves  parallel  to  the  water  a  surface,  during  each  infinitely 
small  inclination,  it  will  also  move  in  an  hyperbola  Ee,^ 


t  Tliit  ikb  locQB  of  Uie  esatrt  of  booyinpy  is,  ia  tblscssst  m  liypttbds  vsy 

also  be  proved  aa  follows  :— 

T.et  ZP'H  (Fig.  89)  be  an  isosceles  triaDgle  floating  in  the  tiprigTit  position^ 

witli  tbs  Tsit^^  ^4oir^a(dK>  aadtbe  wat«K's  Sfvis^^yiaoidiag  vith  iboiiAO 
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and  if  perpendiculars  be  drawn  to  one  of  these  curves,  they 
must  be  parallel  to  those  drawn  to  the  other,  supposing  the 
poiots  from  which  they  proceed  in  the  two  curves  to  be  con- 
temporaneous. Hence,  if  the  perpendiculars  to  either  eunre 

cut  the  axis  of  tlie  fi^^uie  in  points  which  progressively  ascend 
as  the  body  inclines,  it  results  that  the  contemporaneous  per- 


jt^.  Let  this  triangle  be  inclined,  so  that  tie  w;itfir's  surface  may  coincide 
with  the  line  CH,  cutting  oft"  the  area  CF// equal  to  the  aren  JS  immersed 
by  the  inclinaiioQ.  Bisect  jJIi  and  CH  in  ICand  r  respectively,  and  joiiiFiC 
(whieh  will  eoinoide  with  the  Tflvtical  »U  oftho  triaogle)  and  ^r.  Ti^e 

'  »  f  /^JTiad  VT  ^%yrt  tlien  2>  and  7*  wiU  be  points  in  the  uetMentrin 
involnte^  D  being  oleerly  the  vertex  of  the  cnnre*  Let  Xr  wd  M  be  the  retpec- 

>  tlve  eentres  of  gnvity  of  the  trisnglee  inmersed  end  oflMssed :  thioiiglt  Tt  Vi 
Z»  M,  and  H,  draw  TFp  ha,  LQ,  MP,  and  //*  paxaUel  to  6a  inter- 
secting produced  in  wi,  and  LQ  and  M P  intersecting  CH  in  Q  and  P» 
Dtzvr  Hpt  Ch,  LfT,  gu,  Jl/ C  and  P  iV  perpendicular  to  ^  JS ;  meet- 
ing 6  a  produced  in  and  prolonged  Tneeting"  Hk  in  k.  From  this  con- 
struction it  is  ovidcat  that  the  triangles  Hup  and  Ckb  are  similnr  nnd  eqtial, 
and  consequently  that  A«  »  hp  «=  HL  Call  FT  =  y  />  f  =  J*,  thea 
the  distance  between  AI  and  //  estimated  in  the  directing  iJ  o{  x  i&  M  G  + 
iV Ltt  and  the  distance  between  tlie  tsume  points  estimated  ua  the  diiectioa  ¥T 
o£^winhe  GS  +  SfFi  but, 

A  being  aa  nanal  put  equal  to  the  ingb  of  ittdiiiatio«*  Aho, 

r  c^cw^  ^       C//.C08.  A 


5    ^  3 

and  calling  the  di<^pinced  volume  s  and  the  volume  of  inmenioa 
emenion  si     we  have, 

WW  A  .  C  H .  sin.  A 
V.t^   3  

r.y-^»  C/f.jo..Aj. 

H<Be.y  -  {-^^^  +  *}  ^ 
but  CH,m,tk  m  Hh  m  ah 


} 


«nd  a«  rZ>  «  }  FA,  and       «  J  /^'»»,  we  have, 
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pendicul  ars  of  the  other  will  do  the  same,  and  as  the  action 
upwards  of  the  fluid,  concentrated  in  the  centre  of  buoyancy^ 
takes  plaee  in  lines  sueeesstvely  perpendicuhir  to  the  meta* 
centric  lovolttte,  the  body  will  be  restored  wtlii  a  power  which 
win  increase  at  each  addition  to  the  deflection  from  the  upright 
position. 

Let  us  therefore  examine  if,  in  the  figure  before  us,  the  per- 
pendiculars to  the  curve  D  d  cut  the  axis  CD  jR  in  points  more 
elevated  as  the  point  d  (from  which  any  perpendicular  12  is 
drawn)  recedes  from  the  vertex  2>.   Now  dRw  the  normal  to 

the  curve  at  the  point  d:  draw  the  ordinate  dP  perpendicular 

to  D  U,  then  D  R  (putting  P  D  =  w)  =  x  -\-  the  sub-normal. 

Put  dP     ff  J  the  semi-axis  major  =  a  j  and  the  semi-axis 



minor  =  6 ;  then  the  subnormal  —  —  x  a  +  x  and  D  = 

a* 

—  +  — j5 —  X     an  expression  which  shows  that  whilst  the 


1 


la  +  X       J  iaii« 


«r  putting  VJD  m  tti 


MO*  A       a  +  X       taa.  A 
Bal  — ^       i*  dis  subtongent  of  tho  hjperWls  whose  centeo  Is  in  llio  point 

huu9,  takMFX^  and  join  TB,  wUth  nill  bo  dio  tugsnt 

to  tLe  carve  at  the  point  T,  anU  will  make  tbe  angle  FTJE  m  A> 

Cor.  1*  Whan  tbn  T.ortox  of  tho  trinngle  U  Vfrnnim,  u  in  8S«  tnd  tho 
broidtb  at  tho  waters  surface  is  tbe  samo  aa  when  the  vertex  is  downwards ;  it 
win  appear  from  a  slight  eooiideration,  tliat  as  the  values  of  y  and  x,  at  tho 
given  angle  of  inclination,  are  not  changed  hy  the  new  position  of  tljf^  figure, 
tlie  curve  dpscrihed  by  the  cectre  of  buurnnoY  will  be  the  ascending  brunch  of 
an  hyperbola  8)milar  and  equal  to  ihe  rfw*^<f/'<n^  h)perholic  brant  }i  described, 
on  tLe  other  side  of  the  axis,  by  the  centre  of  gravity  of  the  coostaut  area  a  C  i> 
above  ibe  water's  surface. 

Cor.  2.  When  tiia  yertejc  f  ^  is  situated  at  an  infinite  disfarjce  boh  w  the 
water  8  surface  ^  B»  or  the  sides  H      B  /^'axe  paraiiei  to  the  vertical  axis,  we 

htvotho  aquation «  »  x  — ^ —  bootMnay  *  r~r  whiahabows 

^         '        a  +  a*         un.  A  '      tan.  A 

that  the  metacentric  inrolute  is  then  the  conuDon  parabola^  &ad  the  meiaceatiio 
curve  itself  the  aemi-'cubical  parabola^ 
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vahie  of  s  increases,  that  is,  the  further  the  point  d  is  taken 
from  Dj  the  height  D  R  will  also  he  augmented.   Henee,  tlie 

lines  of  support  e  Q  drawn  from  the  curve  traced  out  by  the 
centre  of  buoyancy  will,  at  successive  inclinations,  intersect  the 
axis  CM  at  points  progressively  ascending;  and  if  the  centre 
of  gravity  G  of  the  body  be  once  below  the  line  of  support^  it 
will  always  be  below  it. 

Let  us  now  take  the  body  CFM  and  reverse  its  position, 
as  in  Fig.  88,  so  as  to  have  the  vertex  C  upwards,  and  the 
surface  of  the  water  corresponding  to  the  upright  position 
coinciding  with  the  line  AB,  and  that  of  the  inclined  posw 
tion  to  the  iioe  a 6/  then,  as  the  volume  of  displace*  . 
ment  remains  constant,  the  areas  AMFB  and  aMFb 
respectively  corresponding  to  the  water-lines  A  B  and  a  b  will 
he  equal  to  each  other,  and  consequently  the  area  CAB  equal 
to  the  area  Cab:  iience,  as  in  the  otiier  case,  the  lines  A  B 
and  a  h  will  touch  an  hyperbola  whose  assymptotes  are  CM 
and  CF  and  vertex  D.  Now  the  branch  Dd  of  the  hyperbola 
tends  downwards,  and  the  perpendicular  dRat  any  point  d  of 
the  curve  will  cut  the  axis  below  the  surface  of  the  water  in 
some  point  R  ;  and  by  the  property  tliat  we  have  just  developed, 
the  point  U  will  progressively  descend  as  the  point  d  recedes 
from  the  point  J),  or  as  the  body  inclines.  Let  E  be  the  cen- 
tre of  buoyancy :  this  point  vnll,  as  before,  trace  out  an  hyper- 
bola ;  but  v^th  its  branch  B  e  directed  upwards  and  on  the 
other  side  of  the  axis  DR,^  Now  M.  Clair])ois  says,  tiiat  if 
the  points  of  intersection  of  successive  perpendiculars  dR  with 
the  axis  DR  progressively  descend  as  the  point  d  recedes 
from  the  vertex  D,  the  intersection  of  the  contemporaneous 
perpendicular  to  the  curve  JEre,  with  the  same  axis,  must  fall 
likewise  :  this  is  a  manifest  error ;  for  it  has  just  been  proved 
that  the  perpendiculars  to  an  h^'perbola  (situated  as  the  curve 
£  e)  will,  as  they  are  drawn  from  the  more  distant  points  of 
the  curve,  cut  the  axis  in  points  progressively  oMn^ng*  In 
fact  the  inteiaecting  points  made  by  the  latter  perpendicniais 
with  the  aada  memid  for  the  same  reasoii  aa  those  made  by 


I  ass  aots  p»  995,  eoDsLiMtiafl^  posgn^ 
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the  perpendiculars  of  the  curve  Dd  descend.  Thus  it  appears, 
contrary  to  the  deduction  of  M.  Clairbois^  that  ia  this  case  if 
the  centre  of  gravity  be  once  below  the  line  of  support  it  will 
always  continue  so,  and  the  body  will  be  secure  from  upsetting. 
Therefore  the  true  comparison  we  have  instituted  between  M. 
Clairboib'  two  cases  leads  to  an  inference,  which  is  not  income 
patible  with  that  derived  by  Mr.  Atwood  iroai  the  investiga- 
tion of  his  6th  and  7th  cases. 

In  drawiiig  this  memoir  to  a  close^  it  is  but  dmng  justice  to 
M.  Bouguer  to  say,  that  in  page  272  of  the  ^TraiUi  ifiK 
Ntmre"  it  most  distinctly  appears  from  the  following  passage, 
.  tiiat  lie  did  not  regard  the  metacentric  theory  in  the  manner 
attributed  to  him  by  Mr.  Atwood. 

Si  les  deux flancs  0 Eel  CM  (Fig/ 90)  de  la  carina  sent 
des  lignes  droites  qui  ferment  un  angle  en  ou  plus  g^^rale* 
ment>  si  les  deux  flancs  sont  former  par  une  hyperbole,  dont 
E  est  le  sonunet,  les  centres  de  gravity  de  toutes  les  parties 
submerg^es,  fonneront  une  hyperbole;  et  sur  ce  qu'on  sait 
de  ia  d^velop^e  de  cette  courbe,  on  pent  assurer  que  la  pouss^e 
de  Teau  s*exercira  sur  des  directions  qui  couperont  Taxe  E  Z 
dans  des  points  toujours  plus  ^lev^ ;  et  qu'aiiisi  cette  put^ 
sance  acquirera  de  plus  en  plus  une  plus  grande  force  relative 
pour  s'opposer    Tinclinaison,  ou  pour  relever  le  navire." 

And  at  page  274  of  the  same  work,  it  is  still  more  evident 
that  he  was  fully  acquainted  with  the  true  principles  by  which 
the  metacentric  curve  indicates  the  safety  or  danger  of  a  ' 
floating  body  when  inclined  at  a  finite  angle  from  the  upright 
position,  and  moreover  shows  that  the  greatest  breadth  should 
be  continued  for  some  distance  above  and  beneath  the  plane  of 
floatation,  in  order  to  ensure  the  rising  of  the  metacentric  curve 
as  the  vessel  h^ls*  For  the  satisfaction  of  the  reader  we  sub- 
join the  original  passage,  which,  after  some  observations  on  the 
practice^  even  now  generally  existing,  of  placing  the  main 
breadth  of  a  ship  at,  or  a  little  above,  the  -plane  of  floatation, 
proceeds,  "  Mais  qu'on  doit  faire  ensorte  que  la  car^ne  aug» 
mente  de  largeur,  ou  cpi'dle  conserve  au  niolns  la  m^me  jusqu'i 
Tendroit  ou  elle  enforce  dans  Teau,  lorsque  le  navire  s'incUne 
le  plus.  L'inclinaison  peut  alier  jusqu'li  10  ou  12  degres,  et 
m^e  plus  loin  dans  k»  petiu  wi\w^  loitque  le  vent  chaigo 
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ktiroiles  «v<ee  force.  Nout  souhaiterions  done  que  la  partie 
AAf  des  flenct  du  TUMati  qui  est  idors  snjette  k  entrer 
d«nt  la  mer,  ct  qui  ett  de  4  ou  5  pieds  dam  lea  fdtteanx 

du  premier  rang,  et  de  3  ou  4  dans  les  navires  dc  deux 
a  truis  ceub  toiitic;iu\,  (Hi  Ait  i>ii:^(|nc  cliolte,  (ui  qii'cllc  eiit 
qnelque  saillie  en  dehors  |  et  que  ce  ne  IClt  qu  aU'dessut»  du 
point  A  que  le  flanc  commen^t  rentrer  en-dedans,  et  le 
navire  k  se  retrecir.  Par  ce  moyen  la  courbe  THdtMsUl^ 
\  peu  pres  une  hyperbole,  ou  au  moins  une  parabolo  ^^M^tfei 
deux  extr(5tnitds,  et  la  branches  r;  M,  ff  N  tU:  la  inctacontrique 
jS^gM  ({m  en  scroit  la  developee,  iroient  en  niontant  an  tiessus 
du  metaceutre  ff.  Toutes  les  fois  que  rinclioaison  augniente- 
roityle  centre  de  gravity  du  vaisseau  s'^carteroit  eiii^  ^ 
la  direction  BP  de  la  pouss^e  de  Teau^  pendant  ^ 
direction  s'eloie:neroit  en  son  particuHer  de  ce  centre  fMl'^iiW 
progres  vers  le  coU:  rincliuaibun  ;  et  tout  contribiicroit 
done  k  rendre  plus  long  le  bras  du  levier  auqiiel  est  appliquee 
cette  force  avec  laquelle  Teau  pousse  continuellemeiil  wiMHic.^ 


Art.  XXIL— ^  proposed  Jn^arovemeni  m  the  Steenng  Whed 
for  Ships  which  have  their  7%Uar$  worked  on  the  Quitrter- 

deck,  vnth  some  general  Remarke  on  the  Steering  of  Binpe. 
By  William  Henry  Harton,  Esq.,  of  Limehouse,  for- 
merly of  the  Honourable  East  India  Company's  Service. 

It  has  of  late  yesTs  been  thought  necessary,  even  in  sbi])s  of 
eight  and  nine  hundred  tons  burden^  for  the  sake  of  stowage 
and  other  reaaoni^  to  bring  the  wheel  and  tiller  on  the  weather* 
deck,  by  lengthening  the  rudder  head,  or  by  fitting  an  iron 
•pindle  $  the  tillar  being  reduced  from  12  or  14  feet  to  half 
that  length,  and  worked  by  a  whip  purchase.  By  this  plan  the 
sweep  is  done  away  with,  but  the  wheel  and  barrel  remain  ; 
however,  the  alteration^  compared  with  the  old  and  simple 
mode  of  eteering  below,  with  a  sweep  and  single  rope,  ia  aoeom- 
panled  with  eerioua  neoavenience  In  two  respects.  Fnrst,  the' 
leading  blocks  are  brought  so  close  to  the  barrel  of  the  wheel, 
that  in  putting  the  helm  hard  over,  either  way,  the  angle 
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formed  hy  the  ropes  is  so  great  that  they  not  only  chafe  very 
much,  but  actually  ride  over  the  turns  on  the  barrel,  rubbing 
at  the  aaine  time  against  the  jaws  of  the  leading  blocks.  The 

effect  of  this  is,  that  the  ropes  are  not  only  rendered  in  a  short 
time  useless,  but  the  friction  caused  in  working  is  so  great  that 
it  adds  in  no  small  degree  to  the  labour  of  the  helmsman.  In 
order  to  rectify  this  inconvenience,  the  following  method  of 
fitting  the  wheel  is  proposed.  Fig.  91.  represents  a  fore  and 
aflt  elevation  of  a  steering  wheel,  with  the  stantions,  deek,  and 
leading  blocks;  Fig.  92  is  an  improved  axis  loi-  the  wheel, 
having  its  after  end  ef  formed  into  a  screw,  the  distance 
between  two  contiguous  threads  of  which  must  be  equal  to  the 
diameter  of  the  wheel  rope ;  this  screw  is  to  work  in  a  nut  ^ 
fixed  in  a  cleat  brought  on  the  after  side  of  the  after  stantiou. 
The  screw  ef  must  be  of  such  a  length,  that  by  working  in 
the  nut  ff  it  will  be  capable  of  a  fore  and  aft  motion  in  the 
barrel,  su&cient  to  admit  of  the  wheel  ropes  always  preserving 
a  poirpendicular  direction  over  the  leading  blocks  ;  by  which 
means  aU  chafing  against  the  jaws  of  the  blocks  will  be  avoided  ; 
and  from  the  ropes  always  leading  at  right  angles  to  the  spmdle 
of  the  wheel,  the  extra  friction  occasioned  by  one  turn  bearing 
hard  against  or  riding  over  the  other,  as  the  ropes  pass  round 
the  wheel,  in  the  action  of  steering,  will  be  altogether  prevented. 
This  will  very  sensibly  facilitate  the  steering  of  the  shipj  and, 
what  may  be  of  infinitely  more  importance,  will  prevent  th^ 
necessity  of  continually  changing  the  ropes  in  consequence  of 
their  so  quickly  wearing  out  j  whleh  is  ia  bad  weather  frequently 
very  hazardous.  In  a  ship  of  from  four  to  five  hundred  tons, 
the  fore  and  aft  motion  of  the  wheel,  as  proposed  by  this  plan, 
will  not  require  to  be  more  than  two  inches  backwards  and  for- 
wards, consequently  the  whole  length  of  the  screw  part  of  the 
spindle  need  not  to  be  more  than  six  inches. 

The  second  iiiconveuience  alluded  to  above  is,  that  the  sweep 
being  done  away  with,  instead  of  the  tiilar  ropes  leading  round 
the  circumference  of  a  circle,  they  now,  when  the  tiilar  is  amid- 
ships, form  the  [chord  of  an  arc  of  35?  on  each  side  as  shown 
by  .a^,  be.  Fig.  93,  which  is  a  hori^ntal  view  of  the  leading 
block  on  the  deck  at  the  ship's  side,  and  of  the  block  at  the 
end  of  t|he  tiilar,  for  a  whip  puxc^se;  dlf  representing  the 
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middle  line  of  the  Cillar  when  amidahips,  and  d  a  and  de  itn 
middle  line  when  hard  over,  or  when  at  an  angle  of  S5?  on 

each  side  respectively,  of  the  middle  line  of  the  ship.  When 
the  tillar  is  movi  d  from  amidships  to  hard  over  on  either  side, 
the  tillar  rope,  instead  of  the  two  chords  a     b  c  of  arcs  of  35? 
will  become  the  chord  a  c  of  an  arc  of  70?^  which,  in  a  ehip  of 
from  four  to  fire  hundred  tons,  will  be  found  to  be  at  least  $iz 
inches  less  than  the  sum  of  the  two  chords  ab  and  b  r,  thereby 
not  only  causing  so  much  slack  rope  trailing  on  the  deck,  but 
also,  sliould  there  be  occasion  to  put  the  helm  hard  over,  when 
the  ship  is  scudding,  with  a  heavy  sea  running,  endangering 
the  loss  of  the  rudder ;  as  the  back  of  the  rudder  is  then  liable 
to  be  struck  by  a  following  sea,  whenj  for  want  of  the  support 
of  the  lee  ropes,  it  may  be  forced  against  the  bearding,  and  the 
pintle  carried  away.    A  plan  was  adopted  in  his  Majesty's 
navy  some  years  since  to  avoid  this  inconvenience  (though, 
strange  to  say,  it  does  not  appear  yet  to  have  found  its  way 
into  the  merchant  service) :  it  is,  to  make  the  barrel  of  the 
wheel  resemble  two  cones,  with  the  apex  of  each  in  the  centre 
of  the  length  of  the  barrel,  as  shown  in  Fig.  91 ;  then,  the 
ropes  btiDg  passed  rouiid  the  barrels  in  the  usual  way,  the  helm 
put  amidships,  and  the  ropes  hauled  tauj^ht,  on  putting  the 
helm  over  either  way,  as  the  barrel  revolves,  the  rope  is  let  off 
from  the  smaller  part,  and  is  taken  up  by  the  lafger  part,  which 
is  about  one  inch  more  in  diameter  than  the  smaller.  Thus 
the  slack  rope  is  taken  up,  and  all  parts  preserve  nearly  an 
uniform  tension.    If  grooves  arc  also  made  round  the  barrel,  as 
is  frequently  done,  in  the  spiral  dirt  ctioii  which  the  wheel  rope 
takes,  of  about  a  quarter  of  an  inch  in  depth,  the  friction  of 
the  turns  of  the  rope  against  each  other  will  be  very  gieatly 
diminished. 

AUhongh  the  economy  of  the  steering  apparatus  of  a  ship  is 
strictly  dependent  on  mathematical  principles,  erroneous  opi- 
nions respecting  it  are  frequently  advanced,  which  show  that 
the  theory  does  not  appear  to  be  generally  well  understood. 
It  is  not  unusual  to  hear  of  the  propriety  of  lengthening  a  tilUir, 
in  order  to  add  to  the  purchase  (as  it  is  called)  of  steering, 
although  the  ship  is  steered  iirith  a  wheel !  But  where  a  wheel 
is  used,  it  becomes  the  lever,  and  the  power  is  applied  to  it^ 
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and  no  addkional  })ower  can  be  added  except  by  increasing  the 
diameter  of  the  wheel  at  the  spokes :  that  is,  if  we  wish  to 
retain  the  old  and  universal  custom  ;  that  the  helm  being  amid- 
ahipe,  two  tarna  of  the  wheel  will  bring  it  to  an  angle  of  35?,  or 
hard  over  either  way.  For,  as  the  velocity  of  the  power  is  lo 
the  velocity  of  the  weight,  so  is  the  weight  to  the  power  ;  the 
lengthening  of  the  tillar  must  be  followed  by  a  correspond  ing 
increase  of  tiie  barrel,  or  else  of  necessity  the  old  rule  will  be 
done  away  with. 

It  it  of  importance  to  all  seameni  that  the  whole  of  the 
ateering  apparatus  of  a  ship  should  not  only  be  in  the  most 
perfect  order^  and  on  the  most  simple  and  correct  principles, 
but  that  its  arrangement  should  be  familiar  to  them,  and  it 
may  probably  be  not  the  least  part  of  the  advantages  of  the 
plan  which  is  proposed  in  the  first  part  of  this  paper,  diat  the 
object  to  be  accomplished  is  attained  without  in  the  least  inter- 
fering with  the  rules  and  arrangements  which  experience  has 
caused  to  be  adopted  on  board  all  slups,  and  which  long  habit 
has  rendered  all  seamen  acquainted  with ;  some  of  them  are  as 
follow 

Ist.  The  ropes  are  passed  round  the  wheel  with  the  sun. ' 

2ad.  Five  turns  are  taken  on  the  upper,  and  lour  on  the 
lower  part  of  the  barrel. 

3d.  Two  turns  of  the  wheel  cany  the  tiUar  hard  over 
either  way  to  35  degrees. 

4th.  The  midship  spoke  is  marked,  and  the  staple^  or 
hook,  in  the  barrel  is  in  a  line  with  the  midship  spoke. 
The  larboard  rope  woHls  forward  and  the  starboard  one 
aft,  as  the  wheel  revolves ;  thus,  a  ship  being  on  the 
larboard  tack,  and  the  helmsman  ordered  to  put  the 
helm  hard  up,  heaTcs  the  wheel  round  two  turns  with 
the  sun,  and  the  helm  is  hard  a-weather. 

To  make  any  alterations  therefore  in  the  above  rules  would. 
In  some  cases,  be  attended  with  danger,  especially  in  a  new 
ship's  company,  when  the  men  have  not  well  learned  their  new 
lessons,  which  may  very  likely  be  the  case  at  a  critical  moment, 
when  there  would  be  no  time  for  diacuasiug  blunders,  and  by 
which  the  ahip  may  be  lost* 
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Art.  XXIII.-— OAf«m^iofi»  tm  the  Materiale  tued  in  the 
Faetmdngs  of  Ships.  By  Mr.  FfiANcis  Lairb,  of  his  Ma- 
jest/s  Dock-yard  at  Chatham. 

There  are  few  scientific  subjects  which  present  so  many 
objects  of  interesting  and  useful  inquiry  as  Naval  Architecture. 
The  forms  of  ships  best  adapted  to  answer  the  differeDt  pur- 
poses for  which  they  are  designed^  the  materials  of  which  they 
are  built,  and  the  best  methods  of  combining  those  materials, 
all  require  from  their  importance  the  most  careful  investii^^iition. 
What  can  be  of  more  consequence,  either  personally  or  nation- 
ally, than  the  security  of  that  machine  in  which  a  man  ventures' 
his  life,  and  a  nation  its  honour  ? 

It  would  be  an  inquiry  of  considerable  interest,  to  ascertain 
the  practice  of  ship-building  by  the  aiiciciits  ^  but  it  is  to  be 
regretted  how  little  has  been  lianded  down  to  us  on  the  subject. 
The  magnitude  of  the  ships  of  ancient  Greece  and  Rome  is  hut 
little  more  than  conjecture,  exaggerated  by  some  and  depre- 
ciated by  others  I  of  their  forms  still  less  is  known  than  of  their 
niagnitude ;  and  of  the  methods  of  putting  them  together,  and 
of  their  fastening,  there  are  scarcely  any  records  remaining.  It  is 
stated  by  Vegetius,  that  brass  was  substituted  for  iron  in  his  time ; 
and  by  Athenstus,  that  such  was  the  practice  as  far  back  as 
Nero.  A  galley,  supposed  to  have  beloQged  to  Tri^ao,  said  to 
have  been  buried  1300  years  in  the  lake  Riccio,  was  dbcovered, 
which  had  a  sheathing  of  lead  on  her  bottom,  fastened  with 
copper  nails  5  this  vciiiicl  had  also  been  caulked  and  doubled. 
These  slight  accounts  afford  the  most  important  part  of  our 
knowledge  of  the  connexion  of  an  ancient  vessel* 

It  is  not,  however,  now  proposed  to  enter  into  the  more 
general  question  of  the  mode  of  fastening  ships,  but  rather  of 
the  materialB  which  have  been  used  to  preserve  the  connexion 
when  the  parts  are  brought  together. 

Of  the  early  modes  of  fastening,  it  is  probable  that  ligatures 
were  the  first  used  for  this  purpose,  as  is'  seen  even  at  the 
present  day:  boats  of  considerable  dimensions,  in  the  Eaat 
Indies,  being  fastened  by  coir  (the  cordage  made  from  the 
outside  husk  of  the  cocoa-nut),  and  the  intestines  of  animals 
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in  some  uncivilized  counUries,  being  made  to  anawer  the  aame: 
end.  Wooden  pegs  were  probably  the  next  step,  after  tliat 
iron,  and  lastly  brass  and  copper. 

Our  modern  festenings  are  generally  bolts,  nails^  and  tree^-' 
nails:  and  these  again  consist,  the  bolts  of  iron  and  copper; 
the  nails  of  iron,  mixed  metal,  and  copper ;  and  treenails 
various  sorts  of  timber,  cot  into  a  cylindrical  shape. 

The  excellency  of  a  material  lior  ship  fs^ming  appcan  to 
conrist  in  its  being  stnmg,  darable^  not  having  a  tendency  to 
decay  those  parts  of  the  timber  which  come  iu  contact  with 
it,  and  in  its  being  cheap. 

The  material  which  has  hitherto  been  found  to  answer  these 
conditions  best  is  copper.  Iron  began  to  be  (Bscontimied  in  the 
bottoms  of  ships  in  tlna  country  ^  about  1788  ;  at  wMeli  titan 
copper  sheathing-  began  to  be  generally  used  in  our  mnry.  It 
was  found  that  the  iron  fastenings  in  the  neiglibourhood  of  the 
copper  were  so  rapidly  oxidized,  that  copper  fastenings  were 
of  necessity  pat  into  the  bottoms  of  ships  to  ensare  their  safetgr^ 

Tht  advanmgeeof  copper  nre^  tfiat  it  ia  strange  althoi^h  not 
ao  much  so  as  inm.  It  is  dnrable,  only  a  very  small  portion  of 
its  weight  being  lost  after  very  long  service )  and  it  also  pos- 
sesses the  third  property  we  have  mentioned  to  a  great  extent: 
for  although  the  wood  is  deteriorated  in  its  neighbourhood,  yet 
it  is  so  tiiflhig  in  degree,  at  not  to  make  it  a  material  ol^feetion* 
It  however  wants  the  fourth  property,  it  ia  ol  great  eoetj  and 
when  if  is  conmdered  ^tmt  the  weight  of  copper  pat  into  a 
7  i-irnn  ship,  under  present  circumstances,  amo\nits  to  about 
35  tons,  at  a  value  of  about  3000/.,  it  must  be  seen  that  the 
expense  vrould  be  enormous,  if  it  were  nsed  to  the  exclusion 
of  the  more  general  isstening  of  treenails  and  iton.  It  le  evi* 
dently,  therefore,  a  great  dedderalsm  to  find  aoase  sobstitnle 
of  lem  vabe.  Were  it  not  for  this,  there  could  be  no  doubt 
that  a  ship  fastened  wholly  with  copper  bolts,  to  the  exclu- 
sion of  both  iron  and  wood,  would  leave  nothing  more  to  be 
desired. 

Nails  are  but  little  used  in  modem  ship-building,  in  tbSs* 
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metal  nail,  from  its  taper  shape,  is  not  to  be  depended  on 
where  there  is  any  strain,  since,  if  it  ^give'  at  all,  it  evidently 
becomes  loose  immediately.  Tlie  iron  nail^  while  it  retains  its 
strength,  is  a  much  more  effectual  fiMtening^  siaeo  the  cofro<- 
sion,  which  almost  immediatdy  takes  place,  sets  it  so  firmly 
that  there  is  little  danger  of  its  start!  nj^.  This  corrosion,  how- 
ever,  in  a  few  years  reduces  its  strength  to  almost  nothing ;  and 
if  exposed  to  the  aetion  of  sea  water,  it  may  be  expected  to  be 
ledttced  to  a  mass  of  oxide  long  before  the  timber  is  decayed. 
Notwithstanding  this,  nails  of  an  immense  siie  and  length  are 
used  by  the  Spaniards  and  Portuguese,  and  in  the  East  Indies, 
as  the  general  fastening  of  their  ships*  bottoms :  h^\n^  driven 
through  the  bottom,  and  four  or  iive  inches  of  the  point  turned 
on  the  insidcy  making  indeed  an  effectual  clinch,  but  having  an 
cxeeedtn^y  clumsy  and  unworkmanlike  appearance. 

With  regard  to  mixed  metal  as  a  ISutening,  little  need  be 
said  :  it  is  too  brittle  to  allow  of  its  beine^  clinched ;  and  with- 
out this  security,  there  is  not  much  confidence  to  be  piaced  in 
bolts  either  wholly  or  partly  composed  of  copper.  It  is  now 
but  little  used,  cxoept  as  nails  in  the  weather  decks.  The 
dumps  or  boltmails  into  which  it  has  been  also  cast,  are  sdidom 
used  to  any  great  extent,  except  in  fir,  where  treenails  are  con- 
sidered of  too  great  diameter  in  relation  to  the  scantling  of  the 
timbers,  and  are  aiao  found  to  be  very  injurious  to  the  wood. 

We  now  come  to  that  important  instrument  the  treenail.*  Of 
liiis  the  opinions  that  have  been  expressed  are  so  opposite^  that' 
di^  are  for  that  reason  both  likely  to  be  fiur  firom  the  truth ; 
one  party  affirming  it  to  be  the  worst  fastening  that  could 
possibly  have  been  devised,"  and  the  other  extolling  it  as  the 
best  possible  fastening.  We  shall  take  a  middle  course :  its 
utility  is  proved  by  iu  universal  application ;  its  inadequacy  is 
apparent  firom  the  necessity  there  exists  of  using  metallic  fasten- 
ing in  its  aid.  IMiaps  we  cannot  do  better  than  try  it  by  the 
properties  we  have  deemed  essential  in  ship  fastening.  And 
first,  as  to  strength :  here  its  deficiency  is  manifest,  for ' 
although  made  of  a  diameter  as  large  as  can  be  prudently  used. 


'  They  are  luppoaed  to  be  coeval  wiiL  our  uavj,  mention  being  made  of 

IkNi  ss  esrlj  m  1560.— 'Kmowlu  on  tb«  PresemtiDa  of  tb«  Kvrj, 
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without  wounding  too  much  the  plank  and  timhers,  h  is  found 
ijuite  unable  to  resist  the  strain  of  the  caiilkins;-iron  without 
the  due  support  of  metallic  fasteaia&  it  having  been  comtaatly 
founds.  thiit« where   ship  has  been  much  eeuifcedthe  treenails 
weie  itpaM  or  hrokeoj  vtere.  nttallie  fasftcniag  has!  lieen'  cither 
altogether  omitted  or  too  sparingly  employed.   As  to  dura* 
bility,  it  is  to  be  apprehended  that  a  shorter  period  must  be 
assigned  to  treenails  than  they  U^ve  eveaiiitherto.  attained* 
This  duration  must  of  course  depend  in  some  measure  on  the 
quali^.ctf  the  timfaer.dl  nvhich  tihey  aie  n^ecfe  ;  bat  Iheie  is  yet 
anolbcr  CQBditum  generally  adoMttedlto-  be.  casenitlal'to.  the' 
duration  of  timber;  that  those  parts  which  are  brought  iiito 
close  contact  should  be  as  nearly  as  possible  composed  of  the 
same  substaofies^  otheflwiiie  the  chemical  process  of  deconpiw' 
aitioii'  may  be  getotly  JMoslesated.  Tlaa  ie  jcimarkaUy  appnttnt* 
in  the  de6omfMMitian«caesed  by  the  jcantact  of  oak  timbtr  irith 
teak.  '  Oit  this  account  the  contact  of  piebee  of  diffeieet  tpedes 
of  wood  is  to  be  avoided  as  much  as  possible.    At  the  present 
day^  when>  ixom  <the  scarcity  of  Eioglish  oak,  woods  of  various 
kinds  are.^  resorted  to  aa  auhstitatea  fsr  that.fahiable  matedal^ 
of  whatever  kind  the  treenail  may  bey  it  is  impoasiUe  to  comply 
with  this  eonditieii)  aineey  if  tt  -pasa  thioi^h  a  plankof  English ' 
oak,  it  is  probable  the  remainder  is  driven  into  a  timber  of 
A  rican  oak,  &c.    On  the  other  hand,  an  English  oak  timber 
is  covered  by  a  plank  of  English  or  Dantsic  oak,  hr,  elm,  beech 
AfrkMijt  te.  fitiH  aa>i  sufficient  ipiantitQr  .of  Enghsh  timbeia 
and  pbdik  ianet  to  be  procured^  we  mdtt  faofM  thalrth^  exSiaop* 
dinary 'precautions  of  ileaaoning»  veiidhrtingyTOoftngv  aiid^etiier. 
salutary  measures,  wHl  counteract  the  ill  effects  .which  might 
otherwise  reasonably  be  expected  to  ensue*        ;  .  . 

Wilih  legard  to  the  tieeaail,  as  n  mere  »£aaCenmg,  experience 
juatiBea.a  ,h%h  ophiionr'wlMle  it.  renuAis  .aownk :  Its  .shape 
enables  every  pert  of  it  to  held  finnly,  Winle  its  daMiieity  aUowa 
it  to  be  driven  with  a  drift,  which  ensures  a  contact,  almost 
perfect,  and  which  the  swelling  of  the  treenail,  from  the  mois- 
ture it  imbibes  after  it  is  in  the  water^  makes  still  more  certain; 
so  that  it  is  much  more  common  to  see  a  welMriven  treenail 
leak  through  its  substance,  than  between  it  and  the  timber. 
As  a  further  pi^oof  of  the  goodaeis  of  this  fasteninif)  while 
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aound,  we  appeal  to  the  professional  man,  who  most  have  fre- 
quently remarked  the  tnuibie  wliich  a  single  treenail  will  some- 
times oecasion  in  the  breaking  up  of  a  ship ;  resisting  by  its 
tenacity  and  ttoughneaa  the  efiorta  of  the  workman  to  clear  it, 
and  only  yielding  at  last  to  hit  saw.  But  the  same  plank  WtU 
also  furnish  examples  of  treenails  of  seareely  ^ater  strength 
than  so  much  pottery,  aud  of  others  so  decomposed  that  a  shell 
ill  the  hole  is  all  that  is  left,  the  remainder  being  completely 
decayed. 

The  third  eonditiony  that  fastening  shall  not  decay  the  tim- 
ber around  it,  has  been  in  some  measure  notieed  itt  what  has 

been  said  of  the  durability  of  treenails.  It  may  be  necessary 
liovvever,  to  state  more  distinctly  that  the  plank  in  the  neigh- 
bourhood of  treenails  is  sometimes  in  nearly  as  bad  a  state  as 
that  round  iron;  with  this  differenee^  that  the  deeay  takes  place 
on  themrtside  of  the  plank  in  the  latter  case,  and  on  the  inside 
in  the  former.  This  fiiet  may  be  thus  acoonnted  -for :  the  head' 
of  the  bolt  is  naturally  first  acted  on  bv  the  water  or  atmosphere, 
and  a  mass  of  oxide  is  quickly  foraied  tliere,  which  produces 
its  pemioious  effect  on  the  outside  of  the  planking.  The  tree* 
nails  on  the  contrary  absorb  the  anoistmre  from  the  head,  a  part 
of  it  is  naturally  deposited  in  the  joint  between  the  timber  and 
plank,  and  decay  on  the  inside  is  the  consequence.*  But  here 
it  may  be  remaiked,  that  nothing  can  be  more  varied  than  the 
result  of  observations  ou  the  decay  of  timber :  in  one  case  the 
treenail  is  entirely  rotten  while  the  timber  is  perfectly  sosmd 
around  it  $  ui  anotkcr  part  the  tieenail  is  as  ftesh  as  when  pot 
in,  and  the  timber  may  be  pidced  out  with  the  ingers^  Indeed 
the  results  of  our  experience  ou  timber  altogether  are  most 
unsatisfactory,  the  fact  of  to-day  contradieting  the  observations 
of  the  past  year,  and  that  of  to-morrow  the  theory  of  half  a 
ceptuiy's  formatMB.  There  is  no  chance  of  its  being  otherwise 
titt  ezpeiimettts  are  made  in  a  systematic  manner,  conducted 
with  care,  and  recorded  with  exactness,  but  above  all  registered 
and  remembered ;  so  that  the  result  may  not  be  lost  or  for- 


*  Tins  was  very  remarkable  iu  the  Tt  rps'uhore,  of  39  ^ns,  lately  broken  tip 
at  ChatL.iin,  where  there  were  holes  rouiMi  the  treenails  on  the  inside  of  the 
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gotten.  Till  this  shall  be  the  practice,  experietiee  will  be  but 
a  mass  of.  isolated  facts,  without  combination  or  benefit;  and 
terve  but  too  often  to  prop  an  erroneous  theory,  or  foster  a 
pre-conceived  opinion. 

The  treenail  possesses  our  fourth  qualification  in  an  eminent 
degree :  it  is  the  cheapest  fastening  we  can  apply,'  and  there- 
fore it  will  require  some  modification  of  other  materials  before 
it  is  likely  to  be  superseded.  Treenails  of  African  timber  have 
lately  been  introduced,  but  not  with  complete  siiccess ;  although 
perhaps  the  best  substitute  for  English  oak  treenails  hitherto 
used.  It  is  not  a  wood  that  can  be  cleft;  they  ate  therefore 
sawn,  and  then  mooted ;  consequently,  from  the  nature  of  the 
wood,  the  treenail  frequently  breaks  off  in  driving,  although, 
when  the  grain  is  straight,  it  drives  like  a  bolt.  There-is  a 
material  objection,  however,  to  any  of  these  hard  wood*  for  the- 
manufacture  of  treenails  j  that  unless  they  are  driven  very  tij^ht, 
they  are  likely  to  leak ;  and  if  they  are  driven  tight  enough  to 
prevent  that,  they  endanger  splitting  the  planks  into  which  they 
are  driven,  from  the  want  of  elasticity. 

Iron  bolts,  as  a  security  for  the  outside  planking,  are'  now 
iised  only  on  the  topsides,  at  some  distance  above  the  load- 
water  line,  its  strength  is  considerably  greater  than  that  of 
Copper,  ii^ile  it  is  specifically  lighter.  It  is  also  very  cheap,  for 
these  two  reasons,  dierefore,  it  is  extensively  used  for  fii^tening 
above  the  water. 

The  great  drawbacks  on  the  use  of  iron  are  its  want  of  dura- 
bility from  corrosion,  and  the  great  effect  it  has  in  destroying 
the  limber  around  it.  The  corrosion  is  such,  that  in  eight  or' 
ten  years  it  is  no  longer  to  be  depended  on ;  and  in  softie  cases,  ^ 
where  it  has  been  used  on  the  bottoms  of  ships  whidi  have  been 
long  in  existence,  planks  have  actually  fallen  off,  when  the 
vessel  has  been  taken  into  a  dock.  *  ' 

There  have  been  many  methods  proposed  of  rendering  the  ' 
iron  fastenings  more  durable  ;  viz.,  by  casing  or  iiaatnng  them^ 
with  tin  or  copper,  but  as  yet  St  would  appear,  from  none  of 
of  them  having  been  adopted,  with  but  indifferent  sncf%8S.  The* 
causes  of  failure  seem  not  to  have  been  sufficiently  recorded, 
foi.y/e  know  little  oi  tUej&e  experuueuts  ^ept  that  they  have 
been  made.  .    «  » 
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Tliere  is  now,  however,  a  very  Important  experiment  going 
forward  for  this  purpose.  The  plan  is  under  the  direction  of 
Capt.  Sweny,  R.  N. ;  but  we  believe  the  discovery  or  inven- 
tion is  due  to  Dr.  Rivere,  an  intelligent  American,  who  after  an 
immense  number  of  experiments,  arrived  at  the  following  mode 
of  application.  The  protecting  metal  is  a  mixture*  of  zinc  and 
copper,  cast  into  rings  or  plates ;  the  bolts  being  driven  as 
usual,  but  having  a  ring  of  this  metal  at  the  head  and  point. 
After  the  bolt  is  driven,  a  piece  of  the  protecting  plate  is  let 
in  over  the  bolt-head,  which  is  carefully  cleaned,  and  the  plate 
then  well  dressed  on  the  bolt,  to  ensure  a  complete  contact* 
The  only  condition  prescribed  with  regard  to  this  metal  is  that 
the  surface  of  this  protecting  metal  shall  not  be  less  than  5  per. 
cent,  of  the  surface  of  the  bolt  to  be  protected.  From  the 
specimens,  exhibited  by  this  gentleman,  of  bolts  which  have 
been  immersed  in  brine,  salt-water,  &:c.,  and  which,  after  a 
trial  of  a  year  and  a  half,  are  still  perfectly  bright,  there  is 
good  reason  to  hope  for  some  success  from  this  mode  of  treat- 
ment. 

Jt  is  curious  that  while  this  experiment  was  being  carried  into 
effect  in  Chatham  dock-yard,  another  of  a  something  similar  na- 
ture was  discovered  in  the  Terpsichore  of  32  guns,  whilst  break- 
ing up.  This  was  of  several  iron  nails  which  were  used  to  fasten 
a  part  of  the  upper  deck,  between  the  fore  and  main  hatch- 
ways :  this  part  of  the  deck  was  of  teak,  and  had  been  put 
into  the  ship  when  repaired  in  India  about  25  years  before. 
These  nails  were  tinned,  and  almost  all  that  were  found,  were  in 
a  very  perfect  state,  both  that  part  which  had  been  in  the  teak 
deck,  and  that  part  in  the  oak  beam.  Compared  with  the  nails 
in  a  plank  under  similar  circumstances,  by  the  side  of  them, 
which  had  not  been  so  protected  by  tinning,  they  were  in  a 
decidedly  better  state  :  but  as  the  latter  also  were  not  so  much 
corroded  as  might  have  been  expected  from  their  long  service,  in 
consequence  of  the  dry  state  of  the  deck,  the  ship  having 
been  a  receiving  hulk  for  the  last  20  years,  the  experiment, 
though  certainly  favourable,  and  bringing  to  the  mind  of  the 


I  The  specific  gravity  of  ibis  mixed  metal  is  only  6950,  while  that  of  copp«P 
U  8788,  ttud  liac  7191.  
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writer  a  contrietion  of  its  utilftyy  is  yet,  from  not  having  been 
made  on  the  bottom  of  a  ship,  not  of  that  decided  character 
that  could  have  been  wisiied  on  so  important  a  subject.  It 
may  be  remarked  here^  liowever,  io  connexion  with  this  expe* 
riment,  that  the  pins  in  the  shackles  of  chain  cables,  to  fiiciU- 
tate  the  taking  the  cables  into  short  lengths^  have  for  some 
few  years  past  been  tinned  5  and  from  the  testimony  of  some 
intelligent  officers  on  board  ship,  as  well  as  of  the  black- 
ainiths  employed  in  surveying  these  chain  cables  when  brought 
to  the  dock-yard,  it  has  been  found  decidedly  useful^  inas- 
much as  they  were  quite  free  from  corrosion,  except  where  the 
head  had  been  battered  in  driving,  and  the  tin  beaten  away. 

This  experiment  is  of  so  important  a  character,  that  its 
success  or  failure  involves  a  remarkable  era  in  ship-buildr* 
ing.  Tlie  expeiue  of  copper  has  been  fonnd  so  grea^  that 
the  utmost  care  and  econoniy  in  its  expenditure  have  been 
prescribed  in  the  royal  dock-yards;  should,  however,  these 
experiments  succeed,  we  shall  have  a  metal  fastening  possess- 
ing every  property  that  can  be  desired  5  combining  strength 
with  cheapness,  and  durability  in  itself,  with  that  of  the  mate- 
rial in  its.  neighbourhood. 

'  In  order  to  supply,  in  some  degree,  the  want  of  an  experi- 
ment on  the  tinning  of  iron  bolts  on  the  bottom  of  a  ship,  a 
piece  of  green  oak  was  procured,  and  some  bolts,  previously 
tinned,  about  a  foot  long,  and  an  inch  in  diameter^  were  driven 
into  it.  One  of  these  was  driven  out  again  to  ascertain  if  the 
tin  had  been  rubbed  off  by  the  friction  in  driving  It.  It  was 
found  as  perfect  as  at  first. 

The  piece  of  wood  was  then  coppered,  and  placed  in  the 
water  of  the  Medway,  where  it  is  intended  to  remain  a  suffi- 
cient period  to  put  .  this  question  at  rest. 

It  has  been  objected  to  tinning,  that  in  driving  or  clinching 
a  bolt,  the  tin  would  undoubtedly  be  removed  from  the  head 
and  point.  This  is  very  probable,  but  as  the  rings  would  also 
be  tinned,  all  the  parts  in  contact  with  the  wood  would  be  pro- 
tected, and  the  only  effect  would  be  a  little  reduction  of  the 
head  and  clinch. 

It  should  have  been  mentioned  that  the  protecting  metal  of 
Capt.  Sweiy,  or  some  modification  of  it,  l^also  formo^  ia^ 
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aheeU  fttr  sheathing  ships' bottomti ;  with  which  several  ship9 
in  th^  merchant  and  India  service  have  been  sheathed.  U  is 
to  be  hoped  that  the  owners  or  some  one  connected  with  those 
ships,  will  publish  an  account  of  the  result  of  this  experiment, 
as  from  the  cheapness  of  the  metal  it  would  be  a  most  desirable 
substitute  for  that  expensive  article^  copper.  We  confess  our- 
selves not  sanguine  on  this  point,  on  account  of  the  oxidation,  of 
the  copper,  being  that  qudity  which  preserves  the  bottom  free 
«  from  those  animal  and  vegetable  substances  winch  are  found  to 
adhere  where  copper  is  not  used.  And  this  we  think  also  will 
cause  the  failure  of  all  those  measures,  such  as  pairilini!:,  zinc 
plates,  iron  protectors,  &c.,  which  have  for  their  object  the  pre- 
servation of  copper  sheathing ;  by  destroying  one  of  the  prin- 
•ciples  on  which  its  utility  is  founded.  This  was  conspicuously 
the  case  with  the  protectors  recommended  by  Sir  H.  Davy. 

There  is  another  mode  of  fastening,  which,  though  it  may  he 
s^d  to  have  had  its  day,  yet  deserves  to  be  mentioned  3  this  is 
-  by  nuts  and  screws.   There  have  been  various  suggestions  in 
order  to  make  this  powerful  instrument  available  in  ship-build- 
ing ;  but  as  far  as  we  have  yet  seen,  they  have  almost  entirely 

failed. 

It  has  been  the  frequent  endeavour  of  many  ingenious  men, 
tp  place  them  so  that  when  any  shrinkage  takes  plac^  the 
screw  may  be  employed  to  bring  the  parts  again  into  contact^ 
and  by  means  of  the  nut  keep  them  together.  When,  how- 
ever, it  is  recollected,  that  for  this  to  take  place,  every  bolt 
•must  be  exactly  in  tiie  same  direction,  and  that  every  bolt  must 
be  set  nearly  simultaneously,  it  will  be  seen  that  there  is  more 
difficulty  than  would  at  first  be  apprehended ;  apd  when  to 
this  is  added  the  shrinkage  of  the  materials  on  and  around 
the  bolt,  the  chances  that  in  the  working  of  the  vessel  it  may 
have  been,  though  ever  so  slightly,  bent,  it  is  hardly  too  much 
to  say,  that  it  is  impossible  to  answer  the  sanguine  expectationc^ 
that  have  been  held  out  in  their  favour. 

There  is  another  objection  to  the  employment  of  screw  &st* 
eniiig,  that  the  security  derived  from  the  nut  on  the  end  ia 
much  inferior  to  that  of  the  common  clinch. 
.  This  would  not  at  first  be  expected,  but  was  found  to  be  the  ease 
ii^  an  experiment^  in  which  two  bolts  of  the  same  d\a;meter>  one 


Digitized  by  Google 


vifch  a  scrtw  at  tbe  md  and  act  up  with  a  imt )  and  0110 
dinched  on  a  plate  in  the  common  wavi  were  aufajcatad  to  the 
same  strain.   It  was  expected  that  the  threads,  foar  or  five  of 

which  were  taken  by  the  nut,  would  be  of  greater  strength  than 
the  mere  clinch,  iu  the  proportion  of  the  quantiti^  of  metal 
apfMrently  effective.  The  result,  however,  was  dififexent ;  two 
or  three  trials  proved  the  value  of  the  cKnch,  sine*  the  screw 
bolt  broke  in  the  thready  while  the  clinched  bolt  remained  an- 
disturbed.  The  trial  was  thus  made  :  A  heavy  hawser  being 
rove  through  the  two  ring  bolts  experitncnted  on,  tackles  of 
suihcienl  power  were  then  bent  to  this  hawser^  aad  by  a  leading 
block  the  a^gle  equally  divided.  Hones  weie  then  pat  to  the 
fall,  and  driven  till  one  or  the  other  broke. 

This  result  we  imagine  to  have  taken  place  in  consequence  of 
the  iiijury  sustained  by  the  fibre  of  the  iron  in  cutting  the  screw: 
on  the  same  principle  as  a  spar  will  be  sprung,  where  a  slight 
score  has  been  made  round  it^  with  much  less  force  than  from 
its  diameter  would  appear  to  be  adequate.  On  the  other  hand, 
^he  use  of  the  hammer  bad  so  tempered  the  if«m  of  the 
clinch  as  to  render  it  capable  of  a  greater  resistance  than  its 
thickness  would  lead  us  to  expect. 

We  have  as  yet  made  no  mention  of  »  ia>i»OT«mentia  riiip- 
iMteningi  which  should  hardly  have  been  so  long  passed  mr 
in  silence^  considering  its  value  and  importance*  We  allude 
to  the  dovell  or  circular  coak.  The  coak  or  dowell  has 
long  been  used  ia  masonry,  but  for  its  introduction  into  ship* 
carpentry  we  are  indebted  to  General  Bentham,  about  1802  or 
1803.'  Its  present  extended  employment,  however,  is  due  to 
Sir  Robert  Seppin^^  who  has  availed  himself  of  its  valuable 
properties  wherever  it  can  be  usefully  applied ;  and  its  situa- 
tion above  and  below  the  buts,  in  the  thick  strakes  of  the  plank- 
ing, in  the  scarphs  of  the  shelf,  &c.,  must  have  a  powerful 
effect  in  preventing  longitudinal  extension.  Its  great  value^ 
however,  is  in  its  preventing  the  possibihty  of  had  workmanship, 
to  which  the  operation  of  tabling,  which  it  hps  superseded,  was 
peculiarly  liable*  To  those  who  are  1ie%  eofivenant  with  ^lese 
details,  it  may  not  be  bupeiduuui^  to  explain  that  a  dowell  is. a 
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eyfindfical  |pieee  of  wood  or  other  mtnial  (now  firequentlj 
irooy  holtow,  and  lllled  with  oement),  of  a  certain  diameter 

according  to  the  magnitude  of  the  timbers  to  be'eonneeted. 
The  dowell  engine  inav  he  considered  as  a  large  centre-bit 
fixed  in  a  brass  frame^  of  the  same  diameter  exactly  as  the 
/dowed  to  be  used,  aild  having  a  small  spmdle  in  its  crati^. 
The  timbM  to  be  dowelled  having  been  brought  into  contact 
(fayed),  a  small  anger,  the  else  of 'the  spin^e^  is  p«t  through  at 
^the  places  where  the  dowells  are  to  be  placed.    The  tiuibers  are 
then  separated,  and  the  spindie  of  the  doweil-engine  inserted  in  " 
-the  anger  hole  |  the  mortice  of  the  dowell  is  then  made  in  each 
'piece,  and^eeeesairily,  by  means  of  the ^pindle^ esmctl)r  in^  the 
proper  direction  ;  and  from  the  dowells  and  -the  'eHgiMMng 
of  precisely  tlie  same  diameter,  a  perfect  fitting  is  ensured.  It 
should  he  observed,  tliat  whatever  number  of  coaks  there  may 
be  in  the  seating  (fitting  surface),  they  must  be  precisely  in  the 
:8ame  direction^  otlierwise,  it  is -evident,  the  smrfaees  eould  not 
'poeslUy  be  broi^ht  together. 

In  taking  leave  -of  thia  'sabject,  St  »  Impossible  for  a 
fchipwright  not  to  feel  impressed  with  its  iiuportance.    In  the 
first  place,  fastening,  if  not  properly  applied,  is  worse  than 
'isieleia,  it  is  WtldLcning  that  which  it  is  intended  to  strengthen, 
'  and  tfarowing-  awajr  the  time  and  labour  of  ihie  vmkman  and 
•the  cost  of  the:  materials.    Again,  fultemng,  allhoiigh  pro- 
perly placed,  if  not  well-driven,  is  useless  and  deceitful:  com- 
promisiug  the  safety  of  the  ship  and  the  lives  of  the  crew. 


«  Abt.  XKiy.'^CamnmmeaHon  fnm  CoMi£Ara>}tR  Mabshaix 

{To'iht  SiUon  o/Pi^inn  mi  Nmml  ArOkUeehire,) 
.OSMTUDlBir^ 

Having  seen  your  notice  of  my  work  on  improved  gun-car- 
riages in  the  last  number  of  '  Papers  on  Naval  Architecture,'  I 
forward  you  the  following  account  of  some  improvements  I  have 
since  made  in  them,  for  insertion  in  yaat  next  niimber* 
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FVoni  the  expcfiraee  obtftincd  frmto  %  contiiuied  eiNitfte  of 
experiments  made  during  the  ptat  samnker  at  the  Nore,  under 

the  superintendence  of  that  highly-distinguished  officer,  Sir 
Jahleel  Brenton,  and  mvself,  T  have  l>een  enabled  to  remove  one 
or  two  triBing  objections^  and  to  make  further  improvements  in 
theOi*  The  principal  ones  aie  <  Ist.  A  method  of  .working  the 
grni  i^pon  the  port-sitt  without  a  crutch  or  brtaat-eafrioge,  ihonkl 
il  be  disabled,  and  no  anpply  of  spare  ones  on'  board  $  mad, 
2ndly.  A  better  mode  nf  securing  the  lower  deck  guns.  ' 

A  piece  of  wood  about  4  inches  square  is  bolted  to  the  inner 
part  of  the  upper  surface  of  the  port-sili ;  the  muzzle  of  the 
gun  when  •de{it«ssed  to  its  greatest  eaaiukt,  reeoiHiifg  clear  of  it^ 
by  the  samct  cause  which  admits  of  the  maxde  coming  in  when 
depressed  below  the  outer  edge  of  the  portsilL  This  fixture 
keeps  out  wet  and  fire  fi  oai  the  gunsj  and  on  the  lower  deck 
may  be  made  to  answer  the  purpose  of  the  port-bars :  it  will, 
in  facti  have  the  effect  in  keepii^  but  water  when  the  ship 
heels,  as  if  the  ports  were  so  much  higher  out  of  the  water. 
By"  taking  away  the  bfeast-earriage,  the  gun  is  &und  to  work 
with  gieat  faciHty  on  this  piece  of  quartci,  trains  to  an  angle 
of  45'*j  and  elevates  and  depresj-es  much  more  than  on  the  old 
carriage.  Thas,  though  every  facility  is  afforded  of  replacing 
a  disabled  breast-carriage,  an  action  may'be  effectively  conti- 
nued without  it. 

Four  32  pounders  having  been  subsequently  fitted  on  the 
lower  deck  of  the  Donegal,  it  was  the  most  convenient  method 
to  secure  them,  by  lifting  the  muzzle  out  of  the  crutch  (a  very 
simple  and  quick  operation),  and  lowering  it  down  till  it  rests 
upon  a  block,  level  with  the  water-way»  This  method  is  due  to 
the  suggestion  of  Sir  Jahleel  Brenton,  for  wliose  attentive  con- 
sideration to  my  proposed  inipruveaients  in  gun-carriages  I  feel 
much  indebted.  In  this  position  the  whole  weight  of  the  guns  is 
about  1  foot  6  inches  lower  in  the  ship  than  when  mounted  on 
the  old  carriages*  The  muzzle  of  the  gun  in  this  case  bears 
against  the  ship's  side  when  rolling,  at  a  much  stnmger  part  ^ 
than  that  over  the  port  to  which  the  muzzle  is  lashed  on  the 
old  plan.  Should  any  of  the  guns  ever  break  adrift  from  this 
position,  their  muzzles  being  laid  on  the  deck,  the  safety  of  the 
ship  is  not  endangered^  as  by  the  old  method )  the  whole  gun 
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iMrhtn  MUfadlp  lying  in  a  potitkm  below  the  port>«Ul%  The 
cireiilatkHl  of  air  for  ventUation,  and  the  accommodation  for 

the  hammocks  of  the  crew,  aie  ulao  neaiiy  a^t  cumpkte  a^i  if - 
IM>  giUM  were  on  board. 

During  all  the  experiments  of  continued  eaanooading'  with 
double  ahot^  the  TeeoU  of  the  dS-^poiuuiers  on  the  new  carriage 
Wae  to  perleetly  steady  and  easy,  that  the  deck  was  new  in  the 
least  shaken  by  it.  This  is  important  in  the  event  of  guns  of 
heavier  metal  being  required  for  the  upper  decks  of  ships.  The 
long  32^pounders  when  put  on  tlie  upper  deck  of  the  Barhamy 
wore  foimd  to  kick  so  violently  at  to  endanger  the  decks  and 
hMMi  and  It  comaqnently  bcmttiie  nece«ary  to  have  aoothw 
deieription  of  32»ponnders  oast,  to  equip  that  ship.  Now  at 
the  old  32-}i()unders,  mounted  on  the  new  carriages,  are  as 
•teady  as  it  is  possible  for  any  guns  to  be,  a  ship  may  be 
eqjMipp^d  with  long  32-pounders  on  ail  the  gun-decks,  at  far  at . 
relatet  tp  the  strength  of  the  decks.  By  aecurhig  the  guns  in 
the  Jew  position  just  mentionedy  the  d^advaatageoot  effect  of 
the  increased  weight  of  heavy  metal  on  the  upper  decks  of 
ships,  in  affecting  their  stal)ilitv,  is  also  much  Lliininished.  From 
the  decrease  in  the  number  ot  men  required  to  work  the  gun^ 
on  the  new  earru|ge»»  heairy  motal  may  be  ably  worked  by  the 
erew* 

I  remain,  Gentlemen, 

Your  tihedtent  servant, 

Jam£s  I\Uk$hau,«  ' 

Bm  M*  S,,  Donegal,  iVSw.  27lA,  1830. 


Art»  Y^^—A  Popular  Eafpkmaiion  of  the  Theory  of  the 
Tides.    By  P«  Mason,  Esq.,  A.  M.,  First  Mathematical 

Assistant  at  the  Royal  Naval  College,  Portsmouth. 

,  Ths  following  account  of  the  tlieoiy  of  the  tides  does  nof 
profess  to  differ  in  any  manner  from  that  which  it  generalljr 
reoeived ;  the  only  object  of  this  paper  being  to  explain  that 

theory  in  a  popular  manner.  Tlie  investigation  supposes  the 
earth,  independently  of  the  action  of  the  sun  and  moon,  to  be  a 
fluid  mass  at  rest,  and  acted  upon  by  nolbrce  but  the  attraction 
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of  iU  particles,  aud  which  must  consequeaUy  be  in  tli^  form 
H  apbere*  It  is  evident  that  this  theoty  cannot  agree  with  the 
actual  figure  that  the  sea  aisumes,  the  whole  globe  not  being  a 

fluid,  nor  the  whole  surface  even  covered  with  watery  but  the 
temlency  of  the  forces  is  ihe  .smue  as  if  the  whole  were  fluid^ 
'  and  this  is  all  that  we  propose  to  consider. 

Let  CAD  (Fig.  94)  represent  the  section  of  a  fluid  sphere 
made  by  a  plane  coincident  with  the  plane  of  the  paper,  T  the 
centre,  8  a  remote  body  in  the  plane  CADB^  and  which 
attracts  the  particles  of  matter  of  the  globe  by,  forces  which  are 
greater  in  the  same  proportion  as  the  squares  of  ihv  (iisiauces 
from  £[  are  less,  it  is  proposed  to  explain  in  an  easy  and  popular 
manner  the  nature  of  the  effects  produced  by  the  force  upon 
the  figure  of  the  globe  whose  partides  attract  each  other  by 
^rees  also  inversely  as  the  squares  of  their  distances. 

lake  any  point  P  in  the  globe,  join  S  T  and  S  P  ;  let  S  T 
represent  the  force  exerted  by  on  2\  whicii  therefore  repre- 
sents the  whole  effect  of  S  to  urge  the  globe  in  the  direction 
T  S*  The  force  of  iS  on  P  is  manifestly  greater  than  the  force  ' 
on  Tf  and  therefore  a  Ime  longer  than  8  Tmust  be  taken  to 
represent  this  greater  force.  Let  iSf  P  be  produced  to  L  so  that 
8L  :  ST  force  of  ^  on  P  :  force  of  S  on  T,  or  as 
:  S  ;  then  L  S  represents  th»  attracting  force  of  S 
on  P,  which  is  in  the  direction  P  8* 

This  force  LS  on  P  may  be  considered  the  resultanty  or 
compoand  of  two  fovoes  acting  on  P,  one  parallel  to  TS,  and 

the  other  to  P  T, 

Draw  L  N  parallel  to  T  5,  and  L  M  parallel  to  P  T,  com* 
plete  the  parallelogram  LN S  M.  Then  ZriVand  LM  are  th^ 
two  forces  whose  compound  force  or  resultant  is  L  8m  We 
may  therefore  suppose  the  particle  P  as  acted  upon  by  th^ 
forces  Zr  iV  and  LM;  of  which  LN  tends  to  draw  P  in  the 
direction  PR  parallel  to  T  S,  and  L  M  to  press  it  towards  T, 

Now  S  acts  on  T  by  the  force  TS,  and  tends  to  draw  Tin 
the  direction  TS  by  this  force.  The  points  P  and  T  are  there- 
§om  drawn  in  parallel  directions  by  th^ibrcee  LN  (whioh  is 
equal  tm  MS)  and  T8  respectively.  If  these  forces  were  equal 
they  would  not  disturb  the  relative  positions  oF  P  and  T;  but 
they  are  une(|ualj  their  difference  being  e^ual  to  M  hence 
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tlie  rdatiine  j^tkms  of  P  and  T  will  be  (fistnrbed  bjr  the  forces 
MStrnT,  and  TS  on  8,  exactly  as  much  as  if  no  force  what- 
ever in  the  Erection  TS  acted  on  7*,  but  a  force  equal  to  MT 

alone  acted  on  P  in  the  direction  PR  parallel  to  T S,  The 
force  parallel  to  T  S,  therefore,  which  disturbs  the  positiou  of 
P  with  respect  to  7^  is  the  force  M  T.  Therefore  draw  P  R 
parallel  to  TiS'^  and  make  it  equal  to  M  TV  then  P  J2  is  the  force 
on  P  parallel  to  TS  which  disterhs  the  point  P  with  respect  to 
T.  Besides  this  force,  that  parallel  to  P  T  on  the  force  L  AT 
tends  to  press  P  towards  T.  The  particle  P,  therefore,  is 
dlsturhed  iu  its  position  with  respect  to  2^  by  the  forces  P  R 

It  is  further  manifest  that  PA  or  MT  will  he  |»reater  or 

less  according  as  the  difference  of  the  distances  of  P  and  T 
from  /Sf  is  (greater  or  less  ;  particles  at  and  near  to  C  and  D 
being  nearly  at  the  same  distance  from  as  T  is^  will  be  drawn 
by  S  in  a  direction  parallel  to  T  &^hj  nearly  the  same  force  as 
T  is  drawn  in  that  direction^  or  M  T^  for  particles  near  to  C 
and  D,  is  very  small :  while  the  like  force  on  particles  near  to  A 
will  he  the  greatest  possible,  the  difference  of  the  attraction  of 
B  Oil  A  and  T  being  the  greatest. 

To  consider  the  effect  of  S  to  disturb  the  hemisphere  CBD 
(Fig.  95),  take  a  point  P  in  the  hemisphere  CBDf  join  P  Sm 
Then  since  i$  P  is  greater  than  S  T,  the  force  of  S  on  P  is  less 
than  the  force  of  S  on  T,  Let,  therefore,  S  L  represent  the 
force  of  S  on  P  in  the  same  scale  that  S  T  equals  the  force  of 
SoTkT.  ThenSL  :  STV.  ST^  I  8P^.  The  force  LS 
my  he  considered  the  residtant  or  compound  of  two  forces 
aeting  on  P,  one  parallel  to  TS,  m  LN,  and  the  other 
parallel  to  PT,  as  LM.;  the  par^elogram  Xr  Jf  SiV  being 
completed. 

Hence,  instead  of  the  force  LS  on  P,  we  may  consider  it  as 
acted  upon  by  the  two  forces  LN  or  MS,  and  LM^  MS 
tending  to  draw  P  in  ihe  direction  parallel  to  TS,  and  LMto 
press  P  towards  T, 

'  Also  S  attracts  T  in  the  direction  7'*S'  by  the  force  T S. 
Hence  P  and  T  are  drawn  by  S  in  directions  parallel  to  T  S 
by  the  forces  M  S  and  TS  respectively,  and  if  these  forces 
were  equals  P  and  T  would  move  in  the  direction  TS 
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equally,  and  their  relative  positions  would  not  be  disturbed  by 
the  forces  parallel  to  T  S,  bat  these  forces  are  unequal,  aud  the 
difference  is  TMm  T  is  uiged  towards^^  in  the  direettoi)^ 
TS,hj  ti  force  greater  by  T^Jf  than  that  by  whkh  P  is  urg;e4 
in  the  same  direction*  The  relative  positions  of  P  anci  T  will 
consequently  be  disturbed  by  the  forces  MS  and  TS  by  the 
difference  T  M,  T  being  urged  in  the  direction  by  a 
greater  force  by  this  quantity,  than  P  is  urged  in  tlie  direction 
TS}  the  effect  Is  therefore. tl|^  same  with  respect  to. the  ppsU 
tion  of  P  and  T  as  it  would  1^  if.T  were  not  attracted  by  a9, 
and  P  were  urged  by  a  force  equal  to  MT  in  the  direction 
ST,  Besides  the  disturbing  force  MT^  P  is  urged  by  the 
force  L  M  which  presses  P  towards  T;  through  P  draw  P  R 
pamUtLlo.  ST  and  equal  to  .MT^  .Then  the  feices. which 
disturb  the  reladve  positions  of  P  and  37  are  P  22  tad  LM* 

Hence  the  hemisphere  CP  D  will  be  didtnrbed  in  a  manner 
similar  to  that  in  which  C^D  is  disturbed.  The  fluid  rises 
about  B  above  the  level  of  the  sphere^  as  we  observed  it  rise 
about  ^  above  the  same  level.  About  C^.and  p,  the  only 
distttibittg  force^'  is  the  force  LM^  which  presses  P  to- 
wards the  fluid  cMisequently  about  C  and  D,  or  all  round 
the  globe  at  the  distance  of  90"  froni  A  and  ii,  sinks  below  the 
level  of  the  sphere^  aiid  rises  above  it  about  A  and  B,  The 
spherical  form  Is  therefore  changed  to  that  of  a  prolate 
spheroidy  as  represented  by  th^  Fig.  dd. 

We  shall  now  proceed  to  calculate  the  quantities  of  the  dis« 

turbing  (oscq^  F  R  or  M  2\  and  L  M. 

Let  *  represent  the  attraction  of  S  (Fig.  97),  on  a  particle  of 
matter  at  the  distance  which  we  consider  the  unit. 

Then^^  sftNTceofSonSr;  and  ^  ss  Atroeo^SonP. 

Let  iS  r  =s  2>,  P  r  =i  rf,  and  the  angle  STPsztf. 

Then  JSfP*  ^  8  T'  +  P  ^  2  S  T .  PT.  cos.  a;,  (by 
fitfcUdy  Frof»«  XilL  Book  3>)  which  is  equal  to 

d^-ZD.d,  cos,  a. 
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^hleti  (sift  the  diireetion  PS.  and  which  is  the  fiir^%pre- 

r  ■     '  '    .  •  .  ,,,1  V  T 


I  ( 


Hence  «r-— » — ^li  j  Z  •  force  MS  ::LSi  MS 

;;  PS  :  P:/' (by  similar  triwigles  5Lu}Iand  ^S4^,^:}  t^t.is 

■m 

Therefore  the  force  on  F  in  the  direction  2*6'  or  the  iorce 
if  6  wiii  equal  .-^  .     —         .  r^;  and  the  force 

of  <S9n  l'««^yhe&oe  die  dieturbing  fore*  Jiihkl|itk|nb 

i)8/'i     '2J)  .     .  cos,  a;  -  d  'Xl  .        ^  ri-  .? 

^  *  /^i      2D  .    .  co9.  .V  -       -  f  • 

Now  in  the  case  we  are  considering^  D  or  S-T  isjwy 
when  tompared  with  d^^- consequently  ^     *    '  j^a^'  t  ^iipn^J^^iif 


nearly  the  same  as      -  ^   or  .0  /*'>tflf|^l?^i 


2  D  •  £^  •  COS.  ^      2  £f .  oos.  w 
the  force  P R  or  MT  " 

i 

binomial  tiheorem  $  the  powers  of  alitpvf  fiPt:^|iiill^P<i^ 
lected  ^l  tlie  expapsien^  as  being  very  sin«]^  ^  y 


Hence  the  diiiiireiice  of  the  foictii^  which  iii  r^|tr^£^ti^Y^- 
„        3  ^  .  cos.  X  .  8  ,  _  .  r  *  \ 


the  Tl^ry  of  iht  Tide^,  il9' 
Let.JtPbe  firedttced  to  meet  C 7*  in       then  PiT  s 
d.  co«,iP,  hence  PR  =  ^  —  ^  • 

Again^  to  find  the  force  representeci  by     ^  we  have 
or  force  XS  :  force  L  M  ::  L  S  :  LM  :  .  P  S  :  PT. 

■•  4 

.  Therefore  the  force  represented  by  i  itf  =  ""gpt^J^ 

s  .PT 


'    ♦     ^  '  <^  22)  .    .  COS. or  — 

—  Lii?  /^i      2  <i?  .  cos.  ^\  ~  I 

s,d  /.    .  3^?.co8.  a?\        ,        -  . 

nearly;  the  other  quantity  beii^gvery^small 

coiiipaied  with  "       ^       -       -       -  (2)- 

s  .  P  T 

Hence  the  force  represented  by  X  M  s  '^ST^  ^ 

therefore  the  same  for  all  particles  on  the  surface  of  the 
sphere* 

The  force  repr^ented  by  Pii  .or       ^       '  ^'  ^ 

lesolv^d  into  two  others  P     in  the  direction  TP,  and  E  R 
perpendicular  to  TP,   Of  these  forces  PE  tends  to  draw  P* 
from*  Tin  the  direction  TP,  and  BR  neither  to  draw  it  from 
T  nor  to  press  it  nearer  to  it|  but  to  cause  it  to  glide  along  the 

surface  at  P, 

The  force  of  Pi2  in  the  direction  PE  :  PRy.  PE  I 
PR:z  PK  :  PT  by  similar  triangles,  therefore  the  force 

of  P  Z2  in  the  direptUin  PE  :  p  Ji  ;.py 

::  cQ^s :  1.  '         .  i 
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Therefore  the  force  of  Pi?  itt  the  difMtkm  PE  « 
.  55   -      -.    -      -      -      -  (3) 

In  Uke  nurnner  the  force  of  Pi?  which  is  iu  the  direction 

.  ^  S  .s  .d  .  COS.  IV  ■  sin.  ,y  ... 
EE  IS  equal  to  ^gi^   -       -       v  j 

We  bi^ve  then,  upon  the  whole,  the  disturbing  forces  on  P; 
iBt.  The  force  hi  equation  ( 2)  =        in  the  direction 
FT. 

2nd,  The  force  in  equation  (3)  -  »n  the 

direction  TF*  . 
did*  The  force  in  equation  (4;  =  ly   ~ 

in  the  direction  of  n  tangent  aft- F.  . 

The  forces  in  equations  2  and  3  affect  the  gravitation  of  P  to 
7,  oiie;a4ding,toP>  gravitation  to  2*  mid  the  other  Uliing 
from  it.    The  whole  disturbing  force  affecting  P*9  graTita- 

tioii  is  " 
3  .8  .d ,  COS.*  a?     s  ,'d     *  •  <^  /o „  •  ^     i  \ 

 jj^  ^  =  -Xjr(3«o8.«<f-  1.) 

The  gravitation  of  P  'to  T  is  therefore  diminished  for  every 
value  of  »,  Which  makes  Tjp  (3  cos."  j?  —  1 )  a  positive 


qnantity;  or  for  every  value  of      which  makes  3  cos^^or 

greater  than  I. 

Now  3.co9.*,4P  —  I  4s  0,  when  cos,4p  «         or  »  « 

54^  44'.  nearly.  If  .a?  be  less  than  4  4',  the  gravitation 
of  P  to  T.U  diminiflied.   if  or  be  gieater  than  54""  44  %  then 

-^j-  (3  COS.* .  or  —  1)  is  negative,  or  the  gravitation  of  F  to 
T  is  inoreascid* 

Tlie  same  applies  exactly  to  the  other  hemisphere.  Hoftce- 
aU  round  A  and  £,  to  the  distance  of  54"*  44'  from  A  and  B, 
the  force  of  gravity  is  diminished  by  the  attraction  of  the 
distant  body  S,  through  the  portions  between  A  and 
(Fig.  98)  an^^he  sections  a  ccf  and  bfe  ttlide  by  planea 
perpendicular  to  ^  j^^  the  arcs  A  a  aud  B  b  being  54?  44;>  and 
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between  these  parallel  circleii  the  force  of  gravity  is  increased 
by  the  disturbing  force  of  S,  Hence  the  iiuid  mass  rises  at  A 
'  and  By  and  through  the  portions  Aaed and  Bb/e,  above  the 
level  of  the  sphere;  and  sinks  below  the  same  level  at  C  and  D, 
and  between  the  circles  aed  and  b/e. 

This  reiisoning  maybe  extended  to  the  figure  which  the  sea  has 
a  tendency  to  assume  in  consequence  of  the  action  of  the  sun. 
It  is  manifest  that  the  effect  of  the  sun  is  to  cause  the  water 
to  rise  immediately  under  the  sun  as  at  ^  ;  and  at  the  point  B 
at  the  opposite  side  of  the  earth  to  A;  and  to  depress  the 
water  all  round  the  earth  at  points  90?  firom  the  sun^  and  to 
the  distance  of  35?  Ui  on  each  side  of  this  line. 

The  same  reasoning  may  also  be  applied  to  the  moon's  action 
vpon  the  earth ;  the  moon  being  at  a  distance  very  great  when 
compared  with  the  radius  of  the  earth.  The  effect  therefore  of 
the  moon  to  alter  the  figure  of  the  sea  is  similar  to  that  df  the 
sun  ;  it  tends  to  cause  the  water  to  rise  immediately  under  the 
moon,  and  at  the  opposite  point  on  the  eartli,  to  a  distance  of 
54®  44 round  these  points,  and  to  depress  the  water  in  the 
spaces  between  these  parallels. 

From  this  it  is  manifest  that  the  sun  and  moon  being  in 
conjunction  or  in  opposition  tend  to  raise  the  tide  in  the 
same  places,  and  their  effects  are  added  togither,  }\ut  when 
they  are  iu  quadratures,  they  act  in  opposition  to  each  other; 
the  moon  elevating  the  water  which  the  sun  depressesi  and  the 
sun  elevating  that  which  the  moon  depresses. 

We  shall  in  another  number  show  that  ihe  figure  which  the 
sun  tends  to  communicate  to  the  earth  by  its  disturbing  force  is 
a  prolate  spheroid,  and  the  moon  tends  also  to  cause  a  spheroidal 
figure;  and  their  united  effect  tends  to  cause  also  a  spheroidal 
figure,  the  vertices  being  between  the  lines  drawn  through  the 
centre  of  the  earth  to  the  sun  and  moon,  and  these  lines  produced 
backwards  and  always  nearer  to  the  moon  than  to  the  sun.  The 
moon  having  an  easterly  proper  motion  of  about  13°  from  the 
,  sun  in  a  day,  the  vertex  of  the  tide  moves  in  the  same  direction, 
and  consequently  comes  to  the  meri4ian  later  every  successive 
tide. 

The  vertices  of  the  tide  lie  in  a  line  tending  to  a  point  between 
the  sun  and  uioon^  which  are  not  many  degrees  from  the  equa- 
YOU  III.  Y 
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tor:  hence  as  the  earth  revolves  loinid  its  axis,  an  observer  in 
the  twenty-four  hours  will  be  carried  by  the  earth's  rotation 
through  both  the  tides;  and  thus  it  is  that  there  are  two  tides  in 
the  day. 

Art.  XXVf Ph^poM^  for  aUmng  the  Armammt  and 
Cowlruetkn  ^  Bhipa  of  the  Line. .  By  Caftain  NapisRi 

R.N.,  C.B. 

A  VERY  considerable  inconvenience  arises  in  Hne-of-battle 
ships  from  the  necessity  of  having  a  part  of  the  ship's  company 
to  live  and  sleep  on  the  fighting  decks.  In  our  present  line-of- 
l>att]e  ships  it  would  be  very  difficult  to  blockade  th^  ports  of 

ail  enemy  as  enterprising  and  as  well  disciplined  us  ourselves  ; 
as  it  would  be  impossible  to  keep  the  ship  clear  for  acUon 
without  harassing  the  men,  while  the  enemy  in  port  could  be 
.ready  when  they  pleased,  taking  their  own  time  to  put  to  sea ; 
and  if  they  did  so  in  dark  or  thick  weather^  you  might  he 
taken  before  your  hammocks  were  on  deck. 

At  present  a  line-of-battle  ship  is  only  a  frigate  with  guns 
between  decks,  where  the  ship's  company  live  and  s^eep; 
whereas^  I  cotteeive^  a  line-of-battle  ship  should  be  a  frigate 
risen  upon  one  deck,  but  of  considerably  larger  dimenaiouH 
with  the  men  berthed  below  as  they  are  in  a  frigate.  I  have 
made  two  n^odels,  one  showing  the  Nekon  as  she  is,  carr3ring 
120  guns  j  the  other,  the  ship  i  propose,  carrying  lOU  guns,  her 
decks  are  all  lowered,  in  comparison  with  those  of  the  Nekim, 
3  feet  I  theguiui  are  taken  out  of  the  lower  deck,  and  her  metal 
is  increased  in  proportion  to  the  weight  of  the  20  gons  which 
she  loses,  together  with  the  weight  of  the  poup  and  the  three 
feet  of  top-sides  which  are  taken  away.  The  following  is  a 
comparison  of  the  size  and  force  of  the  two  ships  : 

Nebon, 

Lcagth  on  the  k>wer  6mk,  SOS  feet ;  breadtli,  54  feet  6  incbel*' 


Mo.  of  OaiM.  Weight  of  one  Owi.  Total  Wei^t. 

Cn<t.  Tons  Cwt, 

Lower  deck     ..    2  68-pdr.  carrooades..  60  5  0 

....  30  32  „    lon^gims..  64    96  0 

Middle  deck.*..  »4  32  „         „  SS  93  10 

Upper  deck  ....  34  32  „         „  48    81  12 

Quarter  deck  \  r  16  32  „  ,  carronades..  17    13  12 

&FoMcaM]e.  f\  4  18  „    losg.gUM     42   8  8 


Total  No.  of  guns  1 20  Total  weight  of  gUDS  , . » .  298  2 
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Proposed  lAne^qf-Battk  Ship* 
Length  on-  the  lower  4ok»  212  feet  i  bfeedtb,  54  feet  6  ioches. 

No.  pfGhuit.  Wdgktofom  Qua.         Total  Weight. 

Cnt.  Tons  Cwt, 

Lower  deck  ....    2  C8-pdr.  carronades..  50   5  0 

y,         ....  34  '.i2  yy    luugguus..  64  108  16 

Main  deck   36  32  „      ».  64  IIS  4 

Quarter  deck        ^  - 
ForecasUe.../  28  32  „         „  55  77  0 

TotftlNo.of  guns  100  Total  weight  of  can         306  0 


The  we.iglit  of  the  broadside  of  the  Nelson  is  1928  pounds,^ 
and  of  the  proposed  ship  it  is  1636.  That  is,  firing  single  shot, 
the  broadside  of  the  Nelson  is  292  pounds  heavier  than  that 
of  the  ship  I  jpropwe ;  but  my  ship  can  fire  three  shot  from  the 
lower  and  main  deck  guns,  and  double  sliot  from  the  forecastle 
and  quarter  deck  guns  j  whereas  the  Nelson  is  confined  to  three 
shot  from  the  lower  deck  guns,  don  Me  shot  f  rom  the  middle 
deck,  and  single  shot  from  the  upper  deck  a^d  quarter  deck 
and  forecastle  guns  :  which  wiU  give  my  ship  a  superiority  of 
752  pounds  in  fine  weather ;  and«  in  a  rough  sea,  when  the 
'  Nelson  would  be  obliged  to  shut  bier  lower  deck  ports,  she 
would  be  blown  out  of  the  water  by  my  ship. 

The  seven  feet  additional  length  which  the  proposed  ship 
would  have,  would  be  sufficient  for  the  guns  on  the  lower  and 
main  decks ;  and  the  quarter  deck  and  forecastle  guns  should 
encroach  on  the  gangways.  The  height  from  the  limher  stfake 
to  the  under  side  of  the  orlop  beams  would  be  about  13  fieet ; 
and  after  providing  for  a  cable  tier,  and  a  spare  deck  for  the 
people,  the  lower  gun-deck  beams  would  require  to  be  lifted 
about  four  feet  higher  than  the  Nelson's:  of  course  the  ports  will 
be  raised  as  much.  The  stowage  which  would  be  lost  in  the 
hold,  would  be  compensated  for  by  the  additional  length. 

This  ship  has  the  round  stern  and  bow  proposed  by  Mr.  Blake : 
she  will  measure  about  100  tons  more  than  tlie  Nelson,  throw 
a  heavier  broadside,  have  more  stability,  carry  her  ports  from  0 
to  10  feet  above  water,  keep  her  guns  always  run  out,  and,  having 
her  men  berthed  below,  be  ready  for  action  at  all  times  $  and  in. 
blockading  an  enemy's  port  at  nighty  need  not  fear  the  most 
enterprising  antagonist.  . 
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Hie  mdroent*  of  the  weights  of  the  proposed  ship  aboVe  the 
water  compared  with  that  of  the  Nel9on,  vn\\  he  thus  de- 
creased, with  the  full  armament,  608  tons,  iind  witli  liei  leJuccd 
armanieut^  1120  tons,  by  which  the  centre  of  gravity  will  be 
proportionably  lowered,  and  consequently  the  stability  increased, 
independently  of  other  circumstances  in  the  proposed  alteration 
which  would  also  increase  the  stability. 

The  construction  of  large  frigates  to  carry  50  32-pounder8  will 
render  useless  50-g:un  ships  on  two  decks,  64's  and  small  74*8, 
and  they  will  be  far  more  useful  for  general  purposes,  as  they 
are  always  ready  for  actioOj  and  are  able  to  fight  their  guns' on 
many  occasions  when  the  others  are  obliged  to  shut  their  lower 
deck  ports.  The  same  causes  exist,  in  my  opinion,  for  subsd* 
tutiiig  a  well-arranged  two-decked  ship  for  one  of  three  decks, 
and  are  the  reasons  for  my  making  the  foregoing  proposal. 


Art.  XXVII. — the  Change  in  I  he  Apparent  Distances  of 
Heavenhj  Bodies,  by  RefrucUon.  By  Charles  Blackburn, 
Esq.,  B.A.,  Second  Mathematical  Assistant  at  the  Royal 
Naval  CoUegCy  Portstaiouth. 

The  error  (as  far  as  relates  to  refraction) in  the  apparent  dis- 
tances of  heavenly  bodies  whose  altitudes  are  equal^  is  inde- 
pendent of  the  particular  values  Of  the  altitudes. 

Let  S  S'  (Fig.  d9)  be  two  heavenly  bodies  whose  altitudes 
are  equal,  Z  ByZS'  vertical  circles;  S  S'  an  arc  of  a  ^eaC 
circle,  ZD  an  arc  of  a  great  circle  bistctliig  the  /_  S  Z  S', 
cutting,  and  there  tore  bisecting,  S  S'  in  D;  let  also  the  zenith 
distances  ZS  and  ZS'  bQ  called  Z  and  Z'^  and  the  distance 
SS'  =  D. 

Then  since  refraction  takes  place  wholly  In  ^  vertical,  the 
'  change  in  the  apparei\,t  places  of  S  and  S'  by  refraction,  will 
make  no  alteration  in  the  angles  SZDmdS'ZD;  we  have 

therefore  by  the  principles  of  the  differential  calculus, 

d(SD)^d  ZSx  CM.ZSD  (1) 

but  cos.  Z  S  D  =  cot.  Z  S  X  tan,  S  D;  and  therefore  by  sub- 
stitution in  (  1 )  we  have 

diSD)tsd(ZS)  X  cot.Z5  X  tan.  SDi 
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that  is,  d^^d{Z)  x  cotlTx  tan.:^  (2) 

Again,  since  refraction  varies  as  the  tan.  of  the  zenith  dis- 
tance nearly,  we  have 

'd{Z)  :  hor,  refraction  : :  tan.  ^  :  Rad 

thatis,  d{Z)  :  p  ::  tan«Z  ;  Rad 

(Z)  =  p  X  tan  Z'y 

substituting  this  value  of  li^  ^  in  equation  (  2  )  we  have  - 


tance  of  the  two  bodies  is  independent  of  the  particular  values 
of  the  altitudes. 

Cor.  1.  If  the  bodies  be  90^  distant,  then  d  (D)  ~  2 
or  the  error  in  the  apparent  distance  is  twice  the  hor.  refraction* 

Cor.  2.  Hence  the  error  in  the  apparent  distance  of  two 

fixed  stars  *  will  be  the  same  for  all  altitudes,  provided  those 
altitudes  be  equal. 


•  Art.  XXVfTF. — Notice  of  a  Paper  by  M.  Arago,  on  the 
MaspUmms  of  Steam  Boilers^  in  tlie  Annuain  du  JSttreau 
dta  LonffUudes  Jbr  1830. 

M«  AaiiGo  pmfiiees  his  observatuNu  with  an  aecoupl  of  th^ 
principal  explosions  of  steum  boilers  which  have  taken  place,, 
espeeially  those  which  involve  the  case  ci  the  greatest  danger,^ 

that  ill  which  the  explosion  is  attendant  on  the  opening  of  the 
safety  valve,  and  is  preceded  by  a  diminution  in  the  tension  of 
the  steam.  Of  the  meaas  to  be  taken  for  the  prevention  of  these 
accidents^  iieaayst  U  we  could  be  certain  that  the  heat  of 
the  fiiroaces  should  never  exceed  a  predetermined  limit,  no 
fujrther  precaution  would  be  necessary.   But  when  the  manner 
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of  supplying  a  Iarg«  furnace  with  fuel  is  known,  and  how  much 
the  degree  of  combustion  depends  not  only  upon  the  nature  of 
the  coal,  but  also  upon  its  size,  upon  the  greater  or  less  degree 

of  care  in  spreading  it  upon  the  grate,  and  even  on  the  state  of 
the  atmosphere,  we  should  be  quite  convinced  of  the  necessity 
of  abandoning  the  idea  of  deriving  the  means  of  security  from 
any  practicable  attention  to  the  furnace/' 

As  the  explosion  of  a  steam  boiler  is  caused  by  the  force  of 
the  steam  overcoming  the  tenacity  of  the  nmterial  of  which  the 
boiler  is  composed,  it  is  evident  that  however  strong  a  boiler 
may  be,  it  must  eventually  burst,  if  the  steam  is  allowed  to 
accumulate  in  it.  The  author  of  the  paper  explains  the  various 
contrivances  which  have  been  proposed  to  prevent  accumula- 
tion; and  observes  that  though  there  are  obstacles  to  any 
considerable  increase  of  aperture,  it  would  be  advantage- 
ous to  have  the  safety  valves  with  as  large  openings  as  prac- 
ticable; the  more  especially,  as  recent  experiments  ou  the 
flow  of  elastic  fluids  through  small  orifices,  present  some 
curious  phenomena  in  connexion  with  this  subject.  It  has 
been  found  that  if  a  light  disk  is  placed  in,  and  perpendicular 
to,  a  current  of  steam  issuing  from  an  aperture  made  in  a  high- 
pressure  boiler,  it  will  not  always  be  repelled.  At  a  short  dis- 
tance from  the  opening,  the  plate,  which  is  acted  upon  by  two 
opposite  forces,  the  steam  acting  from  the  aperture,  and  the 
atmospheric  pressure  acting  in  an  opposite  direction,  is  in  con- 
sequence of  an  equilibrium  between  tliese  two  forces,  suspended 
in  the  air  without  motion."  If  the  orifice  be  heated,  more  as- 
tonishing results  are  obtained.  In  some  experiments  made  by 
Mr.  P^kins,  which  are  reported  in  Professor  Siliiman's  journal, 
a  hole  of  a  quarter  of  an  inch  in  diameter  was  made  in  the  side 
of  a  generator,  with  the  engine  working  at  thirty  atmospheres ; 
the  iron  at  the  aperture  was  made  red-hot,  and  while  it  con- 
tinued heated,  no  steam  was  observed  to  issue.  On  the  con- 
trary, the  steam  was  found  to  issue  with  immense  violence  when* 
the  metal  became  cool. 

Plates  composed  of  a  mixture  of  metals  which  wilt  fuse  At  a 
determined  and  low  temperature,  are  sometimes  used  for  safety 
valves;  on  the  principle  that  steam  catmot  have  a  high  degree 
of  elasticity,  without  at  the  same  time  having  a  high  tempera- 
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tore ;  and  as  the  temperature  necessary  to  prodnee  a  tenilon  of 

a  certain  number  of  atmospheres  is  known,  if  the  tension  at 
which  steam  is  required  be  determined,  a  plate  of  aiioy  may  be 
made,  which  will  melt  at  any  higher  temperature  than  is  neoes* 
sary  to  produce  this. 

The  objections  to  these  plates  are,  that  they,  must  neces* 
sarily  gradually  soften  in  approaching  to  their  fusing  tem- 
perature, and  therefore  mav  give  way  under  less  than  the 
required  tension  of  steam;  and  also,  when  the  plate  is  melted, 
the  whole  of  the  steam  will  escape  through  the  aperture  which 
is  formed  in  the  bolter*  It  will  take  considerable  time  to  replace 
the  plate,  to  re*-fiU  the  boiler,  and  to  heat  the  water;  and  during 
all  this  time,  the  engine  is  pericctly  useless.  In  a  steam  boat, 
in  many  cases,  and  Cbpeciallv  near  land,  this  sudden  deprivation 
of  the  power  of  motion  might  be  the  occasion  of  a  very  serious 
aceidenU"  Another  important  objection  is,  thac  ^St  is  in  the 
power  of  the  engineer  to  render  these  plates  useless,  by  direcU 
ing  a  stream  of  cold  water  over  their  surfaces/' 

A  similar  expedient  is  the  having  parts  of  the  boiler  calcu- 
lated to  give  way  under  certain  determined  pressures.  This 
has  the  same  objection  as  the  fusible  plate,  that  of  allowing 
the  total  escape  of  the  steam  ;  it  has  however  the  advantage  of 
being  more  beyond  the  control  of  the  engineer. 

The  mercurial  guage  is  a  bent  tube  containing  mercury,  having 
one  leg  commimicating  with  the  boiler,  and  the  other  open  to 
the  atmosphere.  This  M.  Arago  prefers  to  any  other  safety 
valve,  and  provided  the  aperture  is  of  .sufficient  siite,  he  consi- 
ders it  a  security  against  all  cases  of  danger  from  the  graducd 
accumulation  of  steam.  ^^The  common  safety  valve  gives  no  indi* 
cation  of  the  degree  of  tension  of  the  steam  until  the  moment  it 
rises,  and  the  fusible  plate  tells  nothing  until  it  melts;  and  in 
both  cases  the  engineer  learns  suddenly  that  the  steam  has  reach- 
ed the  limit  which  cannot  be  passed  with  safety,  but  he  has  no 
warning  or  its  approach  to  it.  The  mercurial  guage,  on  tha 
contrary,  informs  him  at  every  instant  the  exact  degree  of  ten- 
sion which  the  steam  has  acquired." 

On  the  subject  of  previous  proof,  M.  Arago  remarks  that  the 
proof  must  be  made  under  different  circumstances  from  those 

whieh  are  attended  with  danger  of  explosion— the  proof  is. 

♦ 

Digitized  by  Google 


nceeiMurily  a  gradual  prewiire  on  eold  mtal;  and  the  oireaiii* 
stance  of  danger  bj  sndden  prtMure  on  heated  metaK  The 
tenacity  of  iron,  the  most  usual  material  for  boilers,  is  ex- 
tremely diminished  by  heat;  forged  iron  at  a  dull-red  heat^ 
has  but  one-sixth  the  tenacity  of  the  same  metal  when  cold; 
aadf  therefore,  it  is  evident  that  a  boiler  might  be  on  the  point 
of  explosion^  without  there  being  any  indication  of  pressure  on 
the  safety  valve.  Another  objection  is,  that  proof  must  be  made 
when  the  boiler  is  neu%  and  exposure  to  the  acLiuii  of  the  fire 
very  soon  injures  it  considerably. 

M*  Arago  has  adopted  the  theory  of  Mr»  Perkins  on  the 
phenomena  pf  the  sudden  generation  of  steam.  The  fonnda* 
tion  of  this  theory  is,  that  steam  may  have  a  very  high  degree 
of  temperature,  without  a  corresponding  increase  of  power  5 
and  that  when  in  this  state,  if  heated  water  is  mixed  with  it,  an 
instant  formation  of  steam  with  great  elastic  power  will  ensue. 
The  want  of  tension  in  the  steam  at  the  moment  preeediiig  the 
explosion,  is  accounted  for  from  its  bdng  suddenly  cooled  by 
eoming  in  contact  with  the  cooler  sides  of  the  cylinder. 

The  paper  also  contains  a  brief  outline  of  several  other  - 
theories,  espedaily  Uiat  of       Marestier,^  which  differs  from 
Mr«  Perkins's  in  accounting  for  the  sudden  generation  of  the 
steam,  by  attributing  it  to  the  immersiott  of  part  of  the  over- 
heated surfisee  of  the  boiler  beneath  the  water. 

M.  Arago  cites  some  experiments  which  are  in  opposition 
to  the  theory  of  M.  Marestier  5  as  they  prove  that  stcani 
is  actually  more  quickly  generated  by  the  contact  of  water 
with  metal  heated  to  a  moderabs  than  to  a  great  degree* 
drop  of  water  thrown  into  an  iron  spoon  heated  to 
wlnte  heat,  was  converted  into  steam  in  4(f^  at  the  expira- 
tion of  wliich,  a  second  drop  was  let  fnll  ;  the  spoon  Iiavingf 
cooled  during  this  time,  the  evaporation  only  occupied  20', 
The  drop  which  succeeded  immediately  after  this  second,  dis« 
appeared  iu  fi'';  a  fourth  drop  in  4";  a  fifth  in  2*;  and  hutly^ 
asixthy  in  an  inoomputably  short  space  of  time  J* 

Another  theory  of  explosions  is  that  of  a  M.  Gensoul,  of  Lyons; 
which  is^  that  when  a  metallic  vessel  coniains  a  iiuid  uxider  a  h^h 
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pressure,  aiid  i§  subjected  to  a  sudden  impBOt^  It  break, 

though  it  would  have  borne  very  considerably  greater  force  act- 
iitg  gradually.  In  the  case  of  the  steam  boiler^  the  blow  ia 
supposed  to  be  caused  by  the  sudden  redaction,  iaeidental  to 
the  opening  of  the  safety  valve*  To  this  M«  Arago  objects^ 
thai  though  the  fact  of  fracture  may  be  eorreet  when  applied  to 
a  vessel  filled  with  an  incom])ressible  fluid,  as  water,  it  does  nut 
follow  that  it  should  be  so  with  a  compressible  fluid,  as  steam; 
and  also,  that  the  supposition  involves  the  necessity  that  the  steam 
should  have  great  elasticity  at  the  instant  preceding  the  «xplo« 
sion,  which  Is  contrary  to  fact ;  and  consequently,  although  this 
cause  may  probably  operate  in  some  cases,  it  is  insufficient  as  a 
general  explanation  of  the  pheuuuiena  under  consideration. 

Various  speculations  have  also  iyecn  advanced  as  to  the  for- 
mation of  gas  of  an  explosive  nature  in  the  interior  of  the  boiler| 
as  that  hydrogen  gas  may  be  formed  by  the  contact  of  the  steam 
with  the  heated  sides  of  the  boiler.  Nf  •  Arago  admits  the  pos- 
sibility of  this,  but  observes  that,  as  hvdrog^en  p^as  alone  is  not 
explosive,  the  only  inconvenience  resulting  from  its  formation 
isy  that  it  must  pass  with  the  steam  into  the  working  Cylinder, 
and  as  it  is  not  susceptible  of  condensation,  it  can  only  be 
got  rid  of  by  a  loss  of  power  s  and  therefore  that  this  may  he 
one  of  the  reasons  whv  tl  ie  enc^ine  often  a})j]ears  to  have  lost  a 
part  of  its  velocity  at  the  instant  preceding  the  explosion. 

Some  engineers  suppose  that  the  hydrogen  escaping  through 
some  flaw  in  the  boiler,  may  become  mixed  with  the  air  in  the 
furnace,  and  thus  explode.  Others  say  that  carbonic  hydrogen 
gas  is  furnished  by  the  coals  in  the  furnace,  pure  hydrogen  by 
the  decomposition  of  water  which  escapes  through  flaws  in  the 
boiler,  and  oxygen  from  the  xmdecomposed  part  of  the  current 
of  air  which  passes  through  the  furnace;  M.  Arago  admits  that 
it  is  possible-that  a  collection  of  this  explosive  mixture  may  be 
formed  in  the  furnace,  aud  mentions  several  explosions  which 
must  have  been  caused  by  some  means  similar  in  nature  to  this. 
To  prevent  these  accidents,  it  is  necessary,  as  much  as  is 
poetibie,  to  avoid  all  sudden  bends  or  elbows  in  the  flues  of  the 
ftirpace,  as  it  is  principally  in  such  places  that  an  aecumulatioii 
can  take  place,  ft  is  abo  necessary  that  the  register  of  the 
chimney  should  not  be  too  closely  shut,  for  if  the  air  in  the 
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ohiBiney  ctniiot  escape,  it  will  become  gradually  saturated  with 
the  gas  which  escapes  from  the  cohIs,  until  the  comhinatioti 

becomes  (^xplosive.  To  prevent,  as  nuich  as  possible,  the  gas 
from  ebcaping  from  the  coais  without  l)€ing  consumed,  the 
openings  between  tlie  bars  of  the  grate  should  be  wide,  and  the 
fire  should  only  be  fed  with  small  quantities  of  coal;  as  when 
large  quantities  are  heaped  on,  if  the  coal  is  at  sill  of  a  bitu- 
minous nature,  it  forms  into  a  thick  cake,  which  is  almost  im*. 
penetrable  to  the  flame,  and  coiisci^ueatly  a  great  quantity  of 
uucoHbumed  carbonic  h\  drogen  will  escape." 

AnoUier  source  of  danger  mentioned  by  M*  Arago,  arises 
from  the  quality  of  the  water  with  which  the  boilers  are  sup- 
plied ;  if  it  is  not  pure,  a  deposit  is  formed,  which  being  a  bad 
conductor  uf  heat  causes  iIk-  metal  of  the  boiler  to  acquire 
far  greater  heat  than  the  water  which  it  contains ;  this  not 
only  occasions  a  great  waste  of  combustion,  but  from  the  di- 
minished tenacity  of  the  iron,  a  great  danger  of  explosion  is 
incurred  $  and  besides,  if  the  crust  should  break,  the  water  will 
suddenly  get  at  the  heated  metal,  which  would  suffer  by  the 
contact ;  and  if  it  were  cast  iron,  it  would  probably  burst. 

Our  limits  will  not  permit  of  a  more  extended  notice  of  this 
paper,  which  is  valuable  and  highly  satisfactory,  because  being 
the  result  of  considerable  research,  we  find  that  the  opinions 
which  are  already  entertained,  both  as  to  the  cause  and  preven* 
tioii  of  diUiger  lium  steam,  receive  conhrmatiou  from  it. 


AaT.  XXIX. — A  lAst  of  the  Patents  which  have  bem  taken 
out  since  tJie  Ut  of  July,  1830,  for  InoetUions  or  Imprwt* 
meats  comeded  with  Naval  Affairs  ;  with  extras  of  Spe* 

cifications,  S^c, 

To  Matthew  Uzielli,  of  Clifton-street,  Finsbury-square,  in  the 
county  of  Middlesex,  gentleman,  for  improvements  in  .the  pre- 
pifTation  of  certain  metallic  substances,  and  the  application 

tluireof  to  tlie  slieathing  of  ships  and  otlier  purposes.  Com- 
municated by  a  foreigner.    Dated  July  6th,  1830. 

To  Thomas  Bulkeley,  of  Albany- street,  Re|;ent*s-park,  in  the 
county  of  Middlesex,  MJ>^  for  certain  improvements  inpto* 
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pdling  vessels,  which  improvements  are  also  applicable  to  other 
purposes.  Dated  July  idth,  1830. 
To  John  RuthveDy  of  the  eity  of  Bdinburgh,  enitneer  and 

manufacturer,  for  an  improved  machinery  for  the  navigating  of 
vessels  and  propelling  of  can'ui^cs.  Dated  Anc^st  5th,  1S30. 

To  WUiiam  Dobree,  of  Fulham,  in  the  county  of  Middlesex^ 
gVBtleman,  for  an  independent  safety-boat  ol  novel  eonstme* 
tioo.  Dated  August  5di9  1830.  . 

To  Robert  Clongh,  of  Liverpool,  8hip4>roker,  for  an  improved 
supporting  block,  to  be  used  in  graving  docks,  and  iui  other 
purposes.    Dated  August  5  th,  1830. 

To  Henry  George  Pearce,  of  Liverpool,  in  the  county  of 
Lancaster,  naster-mariner,  Richard  Gardiner,  and  Joseph 
Gardiner,  of  the  same  place,  nwrehants,  for  an  improved  fid* 
Dated  September  7th,  1830. 

To  William  Church,  esquire,  of  Ha\  wood-house,  Birdesly- 
green,  near  Birmingham^  in  the  county  of  Warwick,  for  cer-* 
tain  improvements  in  the  constmction  of  boats  and  other  vcs» 
sets,  a  part  of  which  improvements  are  applicable  to  the  con* 
stmction  of  carriages.   Dated  September  2l8t,  1830. 

To  Richard  Pering,  of  Exmouth,  in  the  county  of  Devon, 
esquire,  for  an  improvement  or  improvements  in  anchors.  Dated 
October  6th,  1830. 

To  Jeffrey  Shores^  of  Biackwaii,  in  the  county  of  Middlesex^ 
boat»builder  and  ship«-smith9  for  an  improvement  or  improve- 
ments on  tackle  and  other  hooks,  which  he  denominates  "  the 
self-relieving  hooks/*    Dated  November  1st,  1830. 

To  John  CoiUngei  of  Lambeth^  in  tbe  county  of  Surrey^  en^ 
gineer^  for  an  improvement  or  improvements  on  the  apparatus 
uaed  for  hanging  or  suspending  die  rudders  of  ships  or  vesseb 
of  different  descripttons.   Dated  November  Ist,  1830. 

To  Geori;e  (nviaett  Boiiipas,  of  Fishponds,  near  Bristol, 
esquire,  M.O.,  for  an  improved  method  of  preserving  copper  and 
other  metals  from  corrosion  or  oxidation.  Dated  November  4th, 
1830. 

Extracts  from  Specifications^  and  Remarks, 

Extracts  from  the  Specification  qf  Mr.  P.  CDe  la  Gardf^  . 
Jfl^wwemej^^  In  Fkd^&mQ  and  Uf^d^g  Masts,  and  m  Masting 
and  Kgging  of  Vmeb^^Tti^  improvements  in  masting  and 
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riggiiii?  vessels  consist  of  some  of  the  lower  slirouds  being  at- 
tached to  a  frame  or  collar  immediately  below  tlie  trestle -trees, 
in  such  manner  to  pull  fair  from  the  mast,  and  to  lie  close 
to  it  out  of  the  way  of  tha  yanl,  which  may  dierefora  b« 
bmeod  up  sharper  or  nearer  to  the  line  of  the  keel)  than  ean  be 
done  by  the  ordinary  method.  And  further,  in  extending  the 
foot  of  a  main-ct)Ui-^e  between  ,i  }>lock  through  which  the  tack 
is  reeved,  traversing  on  an  iron  spindly  or  horse,  which  spreads 
into  a  eruteh  at  the  ouler  end,  iitttB|;  a  chest-tree  projectihg 
from  the  side  of  the  veascl,  so  as  to  be  occasionaUy  ratiod;  p/f 
from  off  the  deck,  and  the  inner  end  of  which  is  ehased  into  a 
strong  blanchiun,  or  otlier  conv eiiienl  part,  fixed  on  the  deck ; 
and  a  boom,  on  the  outer  end  of  which  a  block  is  lashed 
hmring  the  sheet  reeved  through  it ;  so  that  the  foot  of  the 
course  shall  be  parallel  to  the  yard^  whether  it  be  braced  up  to 
an  mifjie  more  or  less  acute,  and  the  sail  thereby  be  rendered 
flat.  The  horse  or  spindle  does  not  stand  square  with  the 
vessel,  but  from  the  chest-cree  is  carried  ohliquelv  forward. 
The  block  has  one  large  eye  by  which  it  traverses  on  Uie 
spindle,  and  two  others  projectlog  tranivieradyy  to  wiuch  are 
attached  ropes,  wheveof  one  reeves  through  a  8heav€->hole  cot 
in  the  chcec-tree,  to  draw  the  bloek  ont,  and  tlie  other  draws  it 
invviiid.  The  boom  forms  no  part  oi  this  invention.  The 
same  may  be  apphed  to  a  fore-course,  tlie  spindle  extending 
from  the  cat-bead  or  a  boomkin  to  the  figure  block  or  other 
convenient  part  $  and  to  a  cross  jack  sail.  •  ^ 

The  iniprovements,  as  regards  Adding  and  uofidding  BN^tiy 
consist  of  two  wedges  (forming  a  prismatic  compound),  being 
'  combined  to^jether,  and  prevented  from  working  off,  the  one 
from  the  other,  by  an  apparatus  of  catches  and  levers,  adapted 
to  be  acted  on  by  tackles  commonicating  with  the  deck,  whidi^ 
apparatus  forms  shoulders,  so  that  the  wedges  cannot  work 
out  separately  or  together,  until  the  catches  be  lifted  out  of  the 
mortises  made  to  receive  tliem.  The  wedges  have  shackles  at 
their  large  ends,  whereby  they  are  by  tackles  drawn  out  of  the 
fid-liole;  and  likewise  at  their  small  ends,  whereby  (the  action  of 
the  tackles  being  reversed)  they  are  drawn  into  the  fid-hole^ipd 
furlhecln,  rollers  working  in  brackets  or  sockets  fixed  on  the  trea^ 
tie  -trees,  and  of  a  frame,  cotitaining  rollers  fixed  in  the  upper  stem 
of  the  lower  wedge  whereon  the  under  side  ui  tlie  upper  wedge 
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rests;  nnd  in  a  frame  containing  rollers  iixed  in  the  upper  part  of 
the  fid-hole^  whereby  the  friction  being  diminished,  the  wedges 
may  be  more  easily  introduced  or  withdrawn.  A  second  fid 
has  only  one  ap)»aratiw  of  catches  aiid  kveis,  the  shouUer  at 

-  its  odier  end  being  formed  by  the  shackle  of  the  under  wedge. 
The  fid-hole  rollers  are  omitted  when  this  fid  is  used^  as  may  be 
the  rollers  of  the  wedge.  ' 

Oieervaiimuemimtmicaied  by  the  Paimtei^'^Tbe  shrotuk 
erossii^  in  front  of  the  mast  counteract  the  twisting  action  of 
the  topmast.'  Making  a  more  open  angle,  and  being  set  fif) 
ahieast  of  the  mast,  without  cat-harpening,  they  better  resist 
the  rolling  of  a  vessel.    This  method  combines  the  qualities  of 

^  Ibre  and  aft  and  of  square  rigging. 

The  superiority  of  the  latter,  when  before  the  wind,  is 
mitted  and  expkuned.  Its  inferiority,  when  sailing  near  the 
wind,  though  e(jually  evident,  de])ends  on  causes  comparatively 
obscure.  Some  have  boen  recogiiissed,  but  others  of  greater 
importance  have  been  overlooked,  and  consequently  the  various 
attempts  at  improvement  have  been  attended  with  very  donfaC* 
fill  success.  '  Fore-and-aft-ri^d  vesseb,  close  hauled,  trim 
their  principal  sails  to  a  proper  angle  with  the  ked :  bat  sq«a»« 
rigged  vessels,  even  at  six  points  from  the  wind,  trim  only  one 
sail  to  advantage.  1  heir  yards  can  rarely  be  braced  within 
thirty-five  degrees  of  the  midship- line — yet  twenty-three  is 
the  angle  required ;  or,  considering  that  the  sail  will  belly  to  a 
certain  extent,  twenty-five  in  practice.  But  the  foot  of  a 
course  (extending  from  the  weather  chest-tree  or  boomkin  to 
the  lee  shrouds}  makes  a  still  more  open  any:le  :  and  from  the 
foremost  lee  shroud  to  the  clue  forms  with  the  leech  a  mere 
hag,  holding  the  wind.  The  stay-sail  and  jib,  4M  the  contrary^ 
•make  too  acute  an  angle ;  and  if  their  sheets  are  eased  off,  they 
belly  and  hold  the  wind.  The  advantage  of  bracing  the  yards 
sharp  up  has  been  disputed,  akliough  it  i^  evident  that  the 
action  of  the  wind  on  a  square  course,  a  brig's  mainsail,  or  a 
ship's  driver,  is  precisely  similar,  and  consequently  that  they 
should  trim  to  the  same  angle.  The  upper  and  lower  portions 
of  square  courses  being  (in  consequence  of  the  present  injudi- 
cions  mode  of  disposing  their  tacks  and  sheets)  placed  in  op- 
position as  soon  as  the  wind  gets  before  the  beam,  those  fine 
sails,  notwitlistaudiog  their  vast  extent  .and  advantageous 
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situation,  lose,  even  under  skilful  management,  two-tliirJs  of 
their  propelling  power,  their  tendency  to  produce  lee-way  being 
augmented  in  the  saipe  proportion. 

in  the  proposed  improvementfl  the  eqnare  eaile  are  nilaltered 
in  iuMk  or  ihape,  and  their  effect  whilst  quartering  or  sailing 
before  the  wind  is  unchanged.  They  will,  whe;i  close-hauled, 
act  as  lug  sails — ^the  courses  very  superior  to  any  sails  hitherto 
need  in  European  ships.  The  yards  may  he  braced  up  withia 
sixteen  degrees  of  the  line  of  the  keel  without  forciUy  pressing 
the  lee  ligging  or  stap.  This  is  more  than  would  ever  be  re* 
quired  in  sailing,  but  in  working  a  ship  it  is  highly  important. 

In  tacking,  the  s([uare  sails  would  draw  when  ouiy  live  points 
from  the  wind.  As  the  ship  came  to  the  wind,  the  fore  yards 
might  be  braced  up  gradually,  so  as  not  to  check  her  way 
by  being  too  soon  taken  aback*  On  the  opposite  taek,  tha 
•quaie  sails  woukl  fill  as  soon  as  the  jib»  The  yesset  would 
therefore  depend  on  her  way  for  a  much  smaller  space  than  at 
present;  the  evolution  would  be  performed  in  half  the  time 
now  occupied,  and  the  risk  of  missing  stays  be  very  much 
diminished.  In  veering,  the  fore*yards  being  nearly  perpendi- 
cular to  the  wind^  would  cause  the  vessel  to  fall  off  more  rapidly. 

Figs.  100  and  101  represent  two  ships  close-hauled  at  six 
poiats  from  the  wind.  Fig.  100,  rigged  accordini;  to  the  pro- 
posed method,  all  her  sails  making  an  angle  of  li.3''  with  tlie 
line  of  her  keei.  The  courses  trimmed  quite  taught  by  booms 
and  travefsing  tacks.  .  The  driven  bpom  over  the  quarter.  The 
of  the  jib  being  stretched  by  a  light  boom,  it  corresponds 
with  the  other  sails.  Fig.  101,  rigged  in  the  usual  mode. 
The  driven  boom  at  the  proper  angle,  23".  The  main  and 
fore  yards  at  an  angle  of  40°.  The  foot  of  each  course  still 
more  open^  and  bent  to  the  ship's  side  at  the  lee  shrouds. 
The  jib  at  an  angle  of  12«. 

The  importance  of  readily  striking  and  replacing  upper  masts, 
without  slackening  their  standing  i  igghig,  is  apparent.  Furnished 
with  the  ap[Kii  atus  described,  top-masts  of  the  largest  size  can, 
under  any  circumstances  of  weather,  be  expeditiously  unfidded 
at  sea,  without  a  man  going  aloft.  An  oidinary  merchantman's 
erew  can  strike  all  the  top-masts  at  one  time^  and  which  is 
almost  of  equal  importance,  get  them  up  again  with  ease,  even 
though  the  vessel  may  labour  considerably. 
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Art.  XXX^Cft^MMiiV  Work  ^  Sk^  of  fFar,  irmuktted 
fiom  the  SweeM,  by  Wm.  Moroavt,  of  Hi$  Majesty's 
Doek-yetrd  at  Sheerness, — (Continued  froui  page  281.) 

■ 

■  _ 

Chap.  Xi.->0»  the  Area  ^  SiMi. 

31.  It  is  said,  in  the  Introduction,  that  all  the  6hips  in  a 
ji€et,  with;  the;  aaiQe  sails  set,  should  sail  equally  well,  cooie- 
quently  areas  of  sail .  of  the  ships  most  be  in  ibe  same 
proportion  to  each  other  as  the  resistances  they  experience 
from  the  water  in  their  progress.  But  this  circumstance  must 
also  be  attended  to  :  that  if  two  ships  are  in  all  respects 
similar)  and  rigged  in  the  same  proportion,  but  the  one  larger 
than  the  other^  .the  'larger  ship  always  sails  best. 

We  must  hence  conclude,  that  a  larger  and  heavier  body 
has  a  greater  power  of  continuing  its  motion  than  a  less  body; 
that  is  to  sayj  the  weight  of  the  body,  when  it  has  obtained 
a  certain  velocity,  contributes  to  the  continuation  of  its  motion. 
Hence  it  follows,  that  the  area  of  the  sails,  which  is  the 
ftHjce- which  carries  the  ship  forward,  will  be  directly  as  the 
resistance  of  the  ship,  and  reciprocally  as  the  displacement, 
raised  to  a  certain  power,  which  power  cannot  be  known  in  any 
other  manner  than  by  trial  ^  and  it  has  at  length  been  found, 
by  mnch  investigation,  that  the  index  of  this  power  will  be 

about  =  0,4.   Thus  the  area  of  the  sails  will  be  as  j-^si, 

R  beiiig  =  the  resistance  in  Table  26,  and  D  m  the  displace- 

VOL.  III.  z 
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meat.  By  a  continuation  of  the  same  investigation  it  has  also 
been  found,  that  all  ships  of  the  line  will  have  their  area  of 
sail  ill  relation  to  their  stability^  when  the  breadth  .of  the 

lower  edge  of  the  ouun-top  sail  is 10,21  \/ viz. 

when  all  the  sub  of  a  ship  hat^  thfe  fdrin  dnd  reltftiVe  firopor^ 

tions  given  in  the  Treatise  on  the  Area  of  Sail  for  Ships  of 
the  Line,  §  7,  et  seq. 

32.  In  the  preceding  §  the  lower  edge  of  the  main-topsail 
is  foond,  from  which  thti  lurea  of  sail  is  fbund  $  but  preidously  to 
proceeding  further  with  the  subject,  it  is  absolutely  necessary 
that  the  situation  as  to  h^ght  of  the  eenlte  ef  gravity  of  the 
ship  should  be  known,  for  finding  which,  two  methods  are 
given:  1st,  By  calculation,  which  is  here  used,  for  finding  the 
situation  as  to  height  of  the  common  centre  of  gravity  of  the 
ship  itself,  of  the  whole  MMUMfHt^  HmmiUiI  and  figging  ballast 
and  of  the  whole  fitting,  when  ready  for  sea ;  and  it  has  been 
found  that  the  situation  of  the  centre  of  gravity  of  the  whole 
ship  above  the  water-line  for  a  ship  of  110  guns  =  2,8  feet^ 
for  a  ship  of  94  guns  =  2,384  feet,  for  a  ship  of  80  guns 
=  2,22  feet,  for  a  sMp  of  74  gan^  i±  2,23  feet^  for  s  Ship  of 
66  guns  =  2,24  feet,  and  for  i  ship  of  &2  gttft9     2,t  fe^ 

That  the  centre  of  gravity  has  been  placed  reiry  fouffy  in  Hh 
true  situation,  at  least  not  far  from  it,  may  be  judged  of  by  whsft 
follows :  the  Victory y  an  English  ship  of  100  guns,  Which  was 
built  aibout  60  or  70  years  ago,  according  to  appearatee  tnore 
for  show  than  for  use,  was  t  ship  with  a'  tery  Ihll  botttito-,  IM 
had  therefore  its  metacentre  not  inore  tliftn'8,8  foet  idbo^  tlie 
water-line,  when  armed  ;  and  if  we  suppose  that  this  fulness 
brought  down  the  centre  of  gravity  two-thirds  of  a  foot,  but 
not  more,  on  account  of  its  high  upper  works,  lower  than  in 
our  ships  of  110  guns,  which  is  ss  2^8  above  the  iMer^wft, 
then  we  have  2,8  -  0,66  s  2,14,  whi^  Ms  tte  hel^  ofUft 
centre  of  gravity  of  the  Victory  above  tiM  water-Hne.  WiMli 
this  is  subtracted  from  3,8,  that  is,  3,8  —  2,14,  we  hi^ 
1,66  =  1 1  foot,  which  was  the  distance  between  the  centre 
of  gravity  and  the  metacentre  in  the  Victory  ;  and  as  this  ship 
was  lost  in  a  violent  storm  hi  the  year  flAb  @lf  wHBk  nd*- 
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ttJien),  it  probably  was  «aused  by  a  high  wave,  which  produced 

so  great  a  heeling  that  the  ship  upset.  Hence  it  appears  of 
what  importance  it  is,  wiien  a  ship's  draught  is  made,  that  the 
situation  of  the  eentreof  gravity  should  be  known,  that  in  case 
die  tm  centm  m  too-mr  to  each  other^  the  lei^  of  the 
ship,  and  especially  the  breadth,  may  be  inereased. 

2ndly.  To  find  in  a  harbour,  where  all  sorts  uf  ships  are 
Atted,  by  means  of  heeling  them,  the  situation  of  their  centres 
m  gravity  as  to  height,  in  the  manner  described  in  the  new 
Transactioiu  of  the  Royal  Academy  of  Scieaces,  Vol.  VIU^  for 
Ihe  first  <|ttarter  of  the  yiear  1787  $  via.  0»i  ihB  true  mdhod 
^JhtUn^  the  siiuaiion  of  the  centre  of  gravity  a  ship  tu  to 
height,  when  afloat^  tvith  or  nnlhoui  a  full  armement,  when  in 
jf09SUgion  of  the  ship's  draught.  And  1  most  particularly 
.  recommended^  that  such  experiments  shoald  he  ordenei^  and 
the  reavlts,  with  all  tile  circumstances  of  a  ship's  stowiige,  &c. 
accurately  noted,  as  highly  important  to  the  practical  Applica- 
tion of  theory  in  designing  a  ship  correctly. 

In  the  following  Table  are  inserted  the  weight  of  the  aervica 
of  the  guns  and  their  moment,  to  heel  a  ship^  with  the  mmnent 
shipi  to  lesist  |he  inclinatioi^  6sc* 
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33.  To  find  the  moment  of  the  poifer  of  ti\e  sails,  M,  whica, 

,    J           .       sin. a  Q      cos.  s.  b  P 
agreeaf^iy  to  the  thawing,  it  =  —   when 

the  inclination  is  =  7  degrees.  See  the  operation  in  the  trea- 
tise on  the  area  of  sails  for  ships  of  th^  %%  §  13,.  The  follow* 
ing  is  aa  exaiiipie  for  a  ship  of  74  gwu. 

log.  sin.  7?  =  9,0858945 
A  q  «3  446178  8  5,648508S^ 


4,7354027  =  54376 
log.  Go«.  ?;  s  9^967507 
bP=  18879  =  4,27597^ 


4^2727297  ^  1S738 


Moment  of  the  power  of  the  sdle,  M  ss  350S8 

The  same  operation  i«  performed  fcir  the  olhet  sh^  and 
the  residtSi  Stc,  are  insertedf  in  the  following  Table* 


Table  No.  28. 


Moment  of  the  Bowtr  of  the) 
sails.  ^/  X 

From  the  water-line  to  tbel 
upper  Adt  oi  tlvs  sccoiid  )-  = 
&^AB  ;J 

V  = 


Fig.  100 


110 

$0 

* 

74  ' 

66 

68 

43026 

39020 

38527 

35638 

■ 

►  ■ 

p3207 

31641 

12,43 

12,32 

12,5o 

12y55 
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If  ^he  breadth  of  the  lower  edge  of  the  maki-topsul  is 
put  =a  a,  then  the  moment  of  all  the  eight  sails  from  the  centre 
of  gravity  is  =  d  -h  0,6264  a:  -f-  0,4S48  i  .  2,1277  «■  + 
d  +  0,5(>a?  •  0,3546  <  (Area  of  Sails,  §  11),  but  instead  of 
C  Tbeing  0,56  ar,  itt  is  for  ships  of  three  decks  =  0,616  a? 
s=/^^  and  for  ships  of  two  decks  =^  0,589  w  ^/x^  and  thence 


Digitized  by  Google 


the  tnoment  of  the  eight  aalb  ^  d  +  1,0812  x  .  2^1277  ^  + 
fqr  tl^  diffef ent  ^ips  i|  as  follows ; 

110...  39,295  +  2,518^3  «  59,56  M=  59,56  .  43026 ;  hence  x  »  95,64 
94 . . .  41 ,568  +  2,518  x«  =  59,56  M  =  59,56  .  39020  ;  Ueoce  *  »  92,16 
e|0... 40,039  +  2,&09xs  -  59,56  AI  =  59,56  .  38527  ;  heno^ «  -  91,84 
U...p^66 ^  ^  -         M  m  69^56  .  35^  |  liM  «  ^ 

^...39,369  J*  <f  8,^09 p  59,M M  =  69,56 . 33907  ;  b«Dce x  ^  8f,l8 
^...Sy.eSOxt'f  9,S09x,  «  59,56  Jir-  59^6.3lji41i  hflDOt««s8f,€9 

'Nyhen  a}l  the  ships  incline  to  7  degrees^ 

34,  To  flpd  th(|  aoglf  of  mclination,  when  the  breadtl  of 
the  lower  edge  of  the  main-topsall  is,  in  prppi>rtion  to  1Q,21. 

\^ power  of  the  moipent  of  t\te  sails,  Af', 
is,  to  )iie  firstfoun^  - 
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The  iodioatioo  caused  by  the  saiie  »  » 


a  Q 


and  by  the  men  to  leeward  is  =  tangent  s  = 


Rad, 


Table  No.  30. 


IncIiaatioQ  when  the  sail 
is  in  relation  to  the  stability; 
the  power  of  fbe  noiiient  of 


Oant. 


110 

94 
80 

74 
66 
52 


By  the  Mil. 


3"  59' 


4 

4 

4 
4 
5 


10 

33 
35 
39 
10 


3"^  I' 


2 
2 
2 
2 
1 


50 
27 
25 
21 
50 


70 

7 

7 

7 

7 

T 


Inclination  \TheTi  tbe  sail  is  iti  relation  to 
the  resistance!  the  power  of  the  moment 
oftbcsails  -  Af'. 


£uinp1«  of  ft  iliip  of  74  giiiiit. 

Kad.  M  -  14,5341277 

a  Q  =  5, f  195082 
locUoatioa  by  the  sail =40  24' »  8,8^46195 
Rad.Ai>  ^  14,2759790 
»Q  <-.5>6495!0e2 

Inclination  by  the  men  =  2"  25'  =»  8«6264708 
Total  iuciiuatiuu  =  6^  49'. 


CmII 
lit  <iiien 
(total 


8*  55' 

fsaU 

40 

9' 

3  1 

94 

ciaen 

2 

50 

6  56 

[total 

6 

59 

4  24 

Csail 

4 

34 

2  25 

66 

<inen 

2 

21 

6  49 

[total 

6 

55 

CsaU 
eO  ^men 
(total 

Csail 

52  <inen 

(total 


4»  15' 
2  27 
6  42 


4 

1 
6 


15 

50 


35.  To  find  the  alteiatioa  whieh  must  b^  made  m  a  ship's 
breadth,  in  order  that  whih  the  latter  power  of  the  moment  of 

the  sails,  M\  the  inclination  may  be  =  7  degrees. 

In  the  first  place,  the  distance,  a,  between  the  centre  of  ca- 
vity of  the  ship  which  is  hxed,  and  the  metacentre  which  is 
changed^  is  determined  5  the  ship's  displacement  and  the  length 
are  also  constant. 

The  difference  between  tbe  former  and  latter  value  of  a  is 
to  be  added  to  -ClV^J^  =  p,  (Table  23)  if  the  latter  value 

of  is  the  greater,  but  is  to  be  subtracted  if  the  latter  is  the 
less. 

To  find  the  dibtuuce  a  between  the  centre  of  gravity  and  the 
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,,,      sin.  i.aQ     eM.$.bP ,  . 
Harty,entr»  %6  |)»ve  M  ^  ''fiiS^  "  iu«|.  "  « 


^.  _  Had,  jjf '  +  co^. i  P  . /jj^  ^     but  as 
eoostaat,  9*  wim  as  a  tlMli  :  ff     »*    y"**  therefore 


Table  No.  31. 


*  .(if',  -i  I 

.  ... 


In  relation 


I  ft 


IP  - 

Q  = 

y  = 


 a  —  a'  = 


1  04 

F 

iflf.  ^  -  f 


4^9 

32571 

160r»19 
28,135 

3,852 

3,809 

56,216 

56,270 
(),(i:)4 


94 


38900 

86552 

134712 

3,982 
3,925 
0,007 
14,438 
26,656 
53,312 
53,320 
0,008 


30 


18879 
101243 
24,755 
13,9li. 
4,407 
4,291 
0,116 
13,800 
24,(i«() 
-l!),:i72 

0,138 


36029 

20896 

112770 

25,46 

14,107 

4,309 
4, I'M 
0,1/8 
13,929 

2.')  'A'.y2 
50^704 
50,920 


?4   I  ,S£  ..LjjL-. 


931 58 
,23 
,721 

4,400 

0,1)52 
13/)fl9 
24,19^ 
4H,3ti8 
48,4ba 

'^-^ 


|P26 

1120S 

22M 
13,43 
5,007 

12,772 

22,126 

45,iHH) 
0,748 


Example  of  the  calculation  for  a  ship  of  74 
il^  ••••••• 


6P  SI  18879  =^ 

■  '■  #  • 

Coo.  7?  •  .  .  ^  ^ 

Cos,  8,  b  P  ,    •  • 


.1  ^ 


•    •   •    •  • 

,2759790 


Rad,  M  H-  COS.  s.l^P    =       ,7238332  =  ^^^^ 


^lyi*  7^  •  f  •  •  •  • 


Bad. 


COS.  /?.  h  P 


,  .  •  ff 

,0912590  ^,  4,40^- , 

,6325736  =  4,291  ^  ^  1 
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13,800  » 

Sx4iop)e  of  the  calenlatiM  ibr  ibdtng  the  liew  hidf-bKeadth,  y. 

It  m  '4i,lii  m   1^^639  ' 

9  . 


4,1809887 
•  p2P§678 


Ij'  =:    24,686    =  },39245\1 


y-^  =  0,069 
Y^'^e  have  at  length  found,  Ist,  the  hreadth  of  the  lower  edge 
Hf      flM|^-t9ysail,  all  the  ships  being  supposed  to  sail  equally 

irttf  m^l      »m  ^p^A  m%  »f 

ft#!  1^  28)1  ^^y,  l^piy  igfp^  fhp  pfJ^W.  thereby 
when  dofle-hattled  With  the  men  at  the  lee  guns ;  nfttnely,  0?  4^ 

r,  0?  18;  0?  ir,  0?  5'  and  0?  55'  (table  No.  30)  ;  and 
ij^^Uy,  ho^y  9)yc(^  the  breadth  pf  the  ^bips  |nu§t  l^e  din^inish- 

^  they  piiy  all  inciine  to  the  'same/^l^  of  7?  : 
Wf  fl,216t  0,^3§^  0,P§2  and  %74^S  foot 
(table  No.  31),  which  differences  arte  sq  inconsiderable  ii)  the 
ships  of  the  line,  that  if  they  were  constructed  so  much  the 
i^  would  npt  produce  any  diminution  in  their  e^j[^ns^  the 
ipye^^l  difference  in  the  whole  breadth  beij^  i^Qt  9iore  thap 
9^216  ==»  i|nc|;ie9  for  ^%  ^hip  of  30  gunf  j  an^(  |;be  Ijttlp 
diniinntion  of  19  ininutes  in  the  inclination,  facilitates  the 
working  of  the  guns  more  quickly.  The  effect  will  nevertheless 
be  ^een,  when  the  breadth  of  the  same  drawing  1^  djlQ)i9i^e4 
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36.  By  referenee  lo  §  15»  table  15,  It  is  found  that  the  area 
A,  of  the  towar  part  of  the  (bremott  element,  for  a  ship  of 
80  guns,  is  1S42,7«   Divide  the  displacement,  D  =  107400, 

by  the  new  breadth,  B  =  5(y04  (§14);  then  » 

2118,2;  when  1S42,7  is  subtracted  from  this  quantity,  there  re- 
mains 275,5  ss  the  area  of  the  rectangle ;  its  leqgth  is  =  181^ 

=  l-si  (table  No.  15)  j  hence  e  =■  1,519,  which  U 

the  height  of  the  rectangle ;  this  height  was  before  =  1,469, 
so  that  it  is  increased  by  OftS  foot,  which  added  to  k  as 
15,867»  and  this  is  equal  to  the  new  mdne  of  li^  according  to 

which  the  0  is  drawn,  §  23*.  The  water-Kne  and  half-breadth 
line  are  diminished  in  breadth,  and  all  their  ordinates  in  the 
same  proportion,  retaining  tlie  similarity  of  form. 

As  the  breadth  of  the  ship  of  1 10  guns  was  at  first  55^8| 
which  was  found  to  be  too  small  by  0,49  foot,  it  was  altered 
in  the  same  manner,  but  with  this  diference,  that  in  this  case  it 
was  an  increase,  And  therefore  k  was  diminished,  which  occurred 
before  these  hrst  rules,  which  are  here  inserted,  were  used. 

For  the  s'ame  reason,  we  might  also  have  altered  the  breadth 
of  a  ship  of  80  guns;  but  as  an  mcrease  of  2^  inches  in  the 
breadth  is  regarded  as  inconsiderable,  and  as  <  this  little  in> 
crease  uf  breadth  was  in  favour  of  the  hhip,  no  alteration  took 
place. 

With  respect  to  the  two-decked  frigate  of  52  guns^  it  is  not 
intended  to  be  in  a  line  of  battle,  but  must  possess  stabiKqr 
agreeably  to  the  area  of  sails,  namely,  the  breadth  ojp  the  lower 

edge  of  the  main-topsail  x  be\u^  =  85,G9  feet;  it  thus  be- 
comes a  better  sailer  than  a  ship  of  the  iine,^a  quality  which 
all  frigates  must  possess. 

Eemark.  It  is.to  be  here  observed  (table  No.  30),  that 
the  larger  ships  of  the  line  Stieline  less,  close-hauled,  than  the 
smaller  ships,  when  not  in  action  ;  but  in  action,  the  men  sta- 
tioned at  the  guns  to  leeward,  occaision  a  greater  inclination 
in  the  larger  ships  tlian  in  the  smaller;  consequently,  the  proper 
case  is  assumed  (see  the  introduction)  when  the  qualities  of  a 
ship  of  the  line  must  come  into  eonsideiation,  which  is4  when 
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scleral  ships  are  in  aetion  with  an  enemyi  which  is  explained  in 
the  description  of  an  engagement  between  two  hostile  fleets.—* 

If,  on  the  contrary,  the  qualities  of  a  ship  of  the  line  had  not 
been  considered  when  in  action,  but  only  that  all  ships  when 
sailing  close-hauled,  should  sail  and  incline  alike,  in  equally 
strong  winds,  with  the  some  sails  set,  it  would  happen,  that 
when  they  come  into  action,  the  larger  ships  would  incline  more 
than  the  smaller. 

'  Suppose  that  a  ship  of  1 10  guns  sails  equally  well,  and  h*!* 
the  same  inclination  with  a  ship  of  74  guns,  namely,  4^  24', 
hoth  sailing  dose^hauled ;  then  the  breadth  of  the  ship  of  1 10 
gone  would  be  dtmintshed,  so  as  to  be  0,55  foot  less  than  be> 
Ibre;  tfieemisequeBee  of  which  would  be,  that  when  both  ships 
come  into  action  with  an  enemy,  and  the  men  are  at  the  guns 
to  lee-ward,  the  ship  of  110  guns  would  incline  to  7^  4P, 
which  is  52'  more  than  the  ship  of  74  guna;'^and  as  this  inelina- 
^on  is  loo  much,  the  sail  must  be  diminished,  and  therefore  the 
velocity  will  be  less;  thus  the  greater  ship,  which  is  designed 
to  produce  the  greater  eiFect,  is  inferior  in  respect  to  stability 
to  the  less,  which  cannot  produce  the  same  effect*  Of  ships 
so  circumstanced  a  bad  ^eet  is  composed.  * 


•  •    '    •     .      •    .  ■     '  ^ 
.   Chap.  XII.-*Oto  Me  Imgth  of  the  Mati»  and  Yardi. 

■ 

37*  From  what  has  been  said  on  the  area  and  moment  of  the 
lails^  ill  proportion  to  the  Tesistance  and  stability  of  4  ship,  may 
ie  inferred ;  that  a  ship  aiid  its  sails  are  to,  be' considered  toge- 
ther, as  a  bird  and  ttt  wings,  which  constitute  one  body  or 
machine;  consequently  in  the  consideration  of  a  ship,  especially 
of  a  ship  of  the  line,  the  sails  must  be  included.  Thus  the 
drawings  of  a  ship  are  not  complete  without  a  rigging-draught: 
lor  this 'reason  the  fdllowing  table  is  calculated  (see  ^  the  area 
of  sails,  §  14  and  15  "),  by  Which  the  rigging-draught  of  every 
ship  may  be  constructed.  Only  three  of  the  draughts  arc  here 
constructed,  namely,  for  a  ship  of  1 10  and  74  guns,  and  for  a  . 
two^ecked  frigate  of  52  guns,  fig.  103,  by  a  scale  which  is  only 
i  part      that  of  the  drawings'of  the  ships. 

'I  ^,m,  ,mmmm^.^i,i  ,    ii  ^«         ii  i     .    ^   !■     ii  i 

t  'Ths  soils    lbs  figures  of  tiUs-tesiialitioa  is  hdf  that  ti  th«  oiifiiiil. 


Digitized  by  Google 


350 


VhapmarCs  Work  on  Ships  of  War. 


00 


n  ^  ifi  o 

«^        ^       M        M       M       A  _1 

i?»  VC  »>.  r>,  CO  CI  S 
'7>  ^      CO  to  O 


-  »      !7»  t>.  f* CD  N. 


t<5 


o 
»> 


CO  o  t>.        01  00  ^  CO  ^ r; 


co 

w  ro 

^       ^       M  M 

CO 


m, 


c^a^^vct^oo'fl'c^oto 

—  t>.  t>.  (X>  O}  ^  CO  "O  ^ 

O  '-O       CO  <C       CO  »" 


c<  «  w  in  <s  —  »ft  vo  CO  c< 

cooi  t>.sr»«cc<o^eoo'^ 
o  vo     CO  vo 


o 


—  aoooJoeoc^oor^^ci'^ 


00 


o 


a 

he. 


o  ^ 


o 
o 

II  ^.5 


ca    -  - 


CO 

aa  c 
B  i 


a. 
«2 


a-c  3  2  ^ 


ea 


=>'s    J^^  a 

f  -5  S  f S  j3  a  5;  5  a 
be  be  3:  be  *«  ^      bo  S.  ^  V 

a  B       B  Omi^  0.0.^  ?  s 


4» 

3 


«2 
3 

OB 

u 

a 

B 
2 


5 

3 

O 

X 


t 

-   Digitized  by  Google 


Ckapmmfi  Wbfkiin^lps  of  Wm^ 


m 


«  2 


•A 


t*      00  Cf> 


3  !8 


S  2f 


a  ^  ^ 

ir  iiT  S 


to  -4 


I  3 


to 


W       OO  LTi 

H  ^  3i 


3 


to 


00 


vo 


CO  CO 


d  « 


■i^l*  iff" if ■  ^'ti if  rr  lii t^f i 


1 


CO 


r  •  Tt  -  -Tf 


3 


3 —  « 


9  $ 


9 

o 


5  X  ^  s  %  ^ 


I 

i 


it' 


a 

p 


i 


I 

s 


S 

o 

s 


s 

■  s 

« 


ft* 


o 


a 

o 


^1^ 

•  s 


Digitized  by  Google 


« 


952  Cha§mui4  Wotkmi  ^^jt^  ^  H  oar. 

Prom  these  proportions  every  thing  is  known  which  Is  neces- 
sary to  determine  the  proper  lengths  of  the  yards.  Aud  thus 
we  have  the  lengths  of  all  the  roasts,  when  to  the  lower  maats 
eve  added  the  fwrts  below  the  water-line ;  and  to  the  topmaets 
their  lengths  below  the  upper  edge  of  the  cross-trees ;  and  to 
the  bowsprit  the  part  which  comes  within  the  stem. 

The  appearance  of  the  lower  edlges  of  the  main  and  fore  top- 
sails of  a  frigate  of  52  guns,  crossing  each  other  so  far,  is  not 
uncommon  in  rigging-dranghts ;  bat  when  the  yards  are  braced 
so  as  to  make  an  angle  of  three  points  with  the  middle  line  €»f 
the  ship,  the  main  yard-arm  does  not  lock  w  Ith  the  foresail, 
when  the -after  sails  are  braeed  round  in  tacking,  or  the  head- 
sails  in  coming  about. 

38.  It  IS  a'Gomnion  custom  with  ns  in  getUng  up  die  topmast, 
to  stay  it  so  far  forward,  that  the  head  of  the  mast  is  bent  for- 
ward, and  as  the  mast  is  kepthxed  in  its  position  by  the  shrouds 
and  stays,  the  mast  forms  a  curve  aft,  and  the  canrature  Is 
greatest  at  the  lower  yard;  and  when  it  has  remained  bent 
sometime,  it  never  becomes  straight  again,  and  the '  mast 
is  spoiled  :  also  in  consequence  of  the  slings,  which  sup- 
port the  lower  yard,  lying  against  the  fore  part  of  the  foremost 
cross-tree  and  over  the  cap,  the  mast-head  is  drawn  forward : 
and  it  is  for  these,  reasons,  the  after  sbrond  is  allowed  to  go  over 
the  cap  r6ttnd  the  mast-bead,  which  reachjes  abont  a  foot  above 
the  cap.      •  '  •     "  * 

Concerning  the  tops  it  is  to  be  observed,  that  they  should  be 
as  broad  as  possiblci  in  order  that  the  topmast  shrouds  may  give 
die  topmasts  good  support;  but  they  should  not  however  be 
broader  than  to  allow  the  topmast  backstays  to  clear  the  outer 
edge  of  the  tops  about  three  inches.  Its  rounding  off  at  the 
fore  part,  should  commence  from  the  second  topmast  shroud 
from  forward,- and  it  should  be  rounded  off  as  much  as  possible, 
because  otherwise  *  the  topsail  is  prevented  from  bding  close- 
liaulaS,  and  the  sail  is  destroyed.  It  follows  that  the  channeb 
should  have  sufficient  breadth. 

I  It  should  be  remarked,  that  although  the  .lower  yards  can 
be  braced  to  about  the  same  angle  as  the  topsail  yards,  the 
courses  can  never  be  set  advantageously,  cloee-hauled,  when 

vthe.tacks  and  sheets  are  hauled  in  to  the  chip's  sides^  the  fure- 
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most  lee- shroud  brings  the  foot  of  the  sail  so  much  to  leeward,  , 
that  the  wind  cannot  produce  an  advantageous  e&ct  on  it. 
Hiio  i$  aati^ted  in  some  mfa«iir«  biy  the  bowUiie*,  but  not  nifi- 
ciently*  I  thMlbre'let  the  followtnf  allwratton  he  made  in  a  .  - 
new  frigate  of  40  guns :  an  iron  aim  was  fastened  to  the  fore- 
most end  of  the  tnizen  channel,  of  such  a  kngth  that  the  block 
for  the  main  sheet  to  leeward  should  come  0  feet  without  the 
ship's  side^  the  bl6ek  for  the  mm  tm^  5.  feel  within  the 
sbf  p'o  side  Or  the  ^nwalei  -  The  foot  of  the  «iiiiiiiail  becones 
thus  much  htraighter,  and  with  the  help  of  the  bovvhiie,  the 
mainsail  is  brought- to  stand  as  sharply  braced  as  the  foresail, 
A  similar  alterations  lafHi  iiQii4e^  th€t  sheet  of  tbe  ibretiil  es  ibr 
that  of  .the  mainsail  $  a  little,  before  the  gaf^^y,  aa  itmt  am 
of  the^iorm  of  a  ka^eivaa  placed  •ootsada'th^  fanwale,  to  ha 
swung  fore  and  aft,  when  the  boats  should  be  hunj^^  over  the 
gunwale ;  this  arm  was  of  such  a  length  that  it  brought  the 
aheet-bbiBk  5  feet  without  thfciyMuaaie :  and  as  the  fore  tack 
may  he  brongfat  as  near  the  fore  part  of  the  head  as  it  is  wished, 
the  liwesa^  may  he  braced  as  sharp  as  the  mainsaik- '  Aiid  as  it 
was  found  to  answer  well  in  a  short  cruize  in  the  Baltic,  it 
could  not  but  be  approved  of  by  all  good  sailors* — ^By  placing 
the  Uloek.  for  the  main  tack  in  this  manner^  a  free  passage  on 
thei  ^gangway  withhi  thegMiwate  was  obtained  fot ward  on  the 
weatheMMer.^ '  "'"^  '  ' 

The  driver  is  an  excellent  sail. 

A  circumstance  will  be  now  mentioned  which  deserves  atten- 
tion* '  *  - 

It  frequently  happens,  when  the  gammoning  and  bobstays  of 
the  bowsprit  are  set  up  the  first  time,  by  means  of  the  launch 
hanging  at  the  extremity  of  the  bowsprit,  it  curves  downwards 
at  the  end,  so  that  the  lower  pieces  of  which  it  is  composed, 
idttkmgh  seeured  with  wooldittgs  and  clinch*bolt8  which  hold 
theni' together,  draw  one-fetnth  of  an  inch  or  more  beyond  the 
end  of  the  upper  pieces,  by  which  the  coaks  of  the  bowsprit  are 
injured,  before  the  ship  goes  out  of  harbour ;  to  the  method  of 
the  operation  there  is  no  oli^etion,  but  the  execution  of  it 
ebottl^'hejeseinolMit  and  more  cantiottsly  performed* 

Wtien  the  ^hlp^ta  either  sailing  or  riding  at  anchor  in  a  high 
sea,  and  pitches  heavily,  a  continual  working  and  rubbing  of  one 
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pieee  over  the  other  is  perceived,  which  would  not  be  so  grent, 
if  the  cifttkft  were  not  injureil  in  the  manner  just  nieifttibii^. 
Nevertheless,  as  the  pi^servation  of  the  foremast  atld  mam  top^ 

mast  depends  wholly  on  the  support  of  the  bowsprit,  it  should  Y/^ 
the  object  by  all  possi!)le  means  to  give  it  llie  necessary  strength, 
which  may  be  done  in  the  manner  shown  in  hg.  IU4:  namely^ 
with  t  beam  of  the  mean  siding  and  moulding  between  tiw 
lower  and  upper  deck  beams^  the  after  elid  off  Whifli  il'iitdimid 
to  the  fbreeastle  in  a  proper  manner,  so  that  some  play  may 
allowed :  the  foremost  end  is  tapered  a  little  and  reaches  to  the 
fore-stay,  coaked  to  the  bowsprit,  to  the  upper  paft  of  Which 
the  tree  is  fitted,  it  is  also  secured  jvith  some  sttottgwtftildittgsf 
attd  two  boHs  through  both  knightheads^  thb  one  iSM^  alM  M 
dther  under  this  beam,  over  which  a  third  klBhfai|  df 'IIHMIv^' 
sprit  can  be  laid.  ^*    ' ' 


Chap,  YSW<^T9  toiMb^  ^  fkvitBkujs  of  a  wlHM 

regard  io  ike  Iitlaa>aimi- lines, 

39.  It  is  above  twenty  years  a^  that  I  first  considered  that 
there  was  no  well-established  and  iixed  method  of  constractiB^ 
a  ship's  drawings,  that  is,  that  when  the  length,  bfMdlh^  and 
depth  of  a  ship,  with  its  displacementy  wwe  detertmned,  it  was 
not  known,  1st,  that  the  ®  section  would  eome  precisely  in  its 
proper  place  j  2ndly,  whether  its  area  was  too  great  or  too  small; 
and,  3rdly,  so  to  proportion  the  fulness  of  the  fore  body  to  that 
of  the  after  body,  that  the  centre  of  gravity  of  displacement 
might  be  at  a  given  distance  befofe  the  middle  of  tim  iengliigf 
the  ship. 

This  led  me  to  investigate  the  subject,  and  to  examine  nu- 
merous draughts  of  many  larger  and  stnalier  ships,  in  order  to 
try  if  the  areas  of  the  sections  aimii  the  ^  section,  aa  w«U  as 
before  it,  did  not  follow  sme  regular  piogtessioii|  tmd  I 
thought,  in  order  to  ascertain  it,  it  wouM  be  best  to  dKvide 
the  area  of  each  section  by  the  breadth  of  the  mldslilp  section; 
the  proportion  of  one  section  to  another  was  thus  expressed  by 

the  quotients;  these  quotients  were  set  offpecpendicniarly  kom 
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die  water-line  on  their  corresponding  section-Une  on  the  sheer 
<irj|ugbty  and  through  all  the  spots  a  curved  line  drawq, 
whkii  Utmunated  at  both  ends  of  the  ship  in  the  wjater-lioUt 
and  nt  first  pigfat  appeared  to  be  »  parabola,  wboie  vertex  .was 
in  the  0  section.'  To  ascertain  if  it  was  really  a  paraboKc  ]inc» 
two  points  were  taken,  the  one  in  tlie  section  nearest  to  the 
stem,  and  the  other  at  about  the  middle  between  the  0  section 
and  the  foremost  section :  besides  the  vertex  there  were  then 
two  abscissas  and  two  ordinates  to  the  sama  parabola^  and  tba 
aoethod  was  oped  to  which  f  hare  given  the  name  of  the  expo- 
nential calculation,  to  And  the  yet-unknown  exponent)  other 
ordinates  were  afterwards  taken  at  the  other  sections,  to  which 
the  lengths  of  the  abscissas  were  calculated^  a^  set  q&  at  Ith^iir 
vaspactive  stations.  In  tha  same  anannar  p^  ffom  tha  (9 
section  tbo  tha  after  section  was  ddjeilninadf  and  a  line  drawn  , 
throi^h  all  the  spots.  It  was  then  seen,  that  In  some  ships, 
the  line  previously  drawn  according  to  the  true  sections  of  the 
ship,  iu  many  places  dcNes  not  i^ee  with  the  iat^  regiMar  hae> 
and  that  in  a  dnmni^  Htm  exponent  of  tha  /wdions  Ibmaad  ja 
■uich  laas  than  that  of  tha  saetioni  abaft.  U  ahoald  fee  ob- 
served, that  the  0  sectioa  in  this  drawing  is  aaueh  hafere  tha 
middle.  In  some  other  draughts,  the  exponent  of  the  after  part 
is  less  than  that  of  the  fore  part;  and  in  others,  the  same  pa- 
imbola  extended  the  whole  length  Iwre  and  alt;  while  tha  Una 
dcawn  according  to  the  aieaa  of  the  aactionf  nn  tha  q|iiali<nti 
UXi  sometimes  within  and  sometimes  withoQt  Ihe  paiabolie  Mnef 

there  were  likewit^e  other  draughts  in  whieh  the  parabola  and 
line  of  sections  nearly  coincided ;  and  some  in  which  the  line 
of  sections  coincided  so  exactly  with  the  parabolic  line  as  if 
tha  liaa^of  saclmi  ihad  baandiim  frotp  it»  irWchit  aaitfy  «ai 
sot ;  those  "whose  lines  of  saetioas  agreed  in  42iis  fisanneir  wilh 
the  paraboba,  were  also  the  best  ships  in  respect  to  good  .sail- 
ing :  bat  in  all  the  draughts,  the  paxabola  ended  or  cut  tihe 
water-line  a  little  -W^KtUn  thee^t^remitiait  fi^nacyrfiir  iMNwrd. 

With  all  the  a|ttaoti«Kn  my  «»|lhar  ocmipatiotti  |Miilled»  J 
andeaaamaed  hi  this  aMnn^r  la  fia4,nnd  nltiamtaly  hit  ilpoa,  a 

bhort  and  aafe  method  of  making  the  drawings,  not  only  of  all 
ships  of  the  line,  bnt  al^  of  4^1  ^Qtbcf  flassct  id  laige  and  smaU 
ifcip»8>n4xflmli>  .  .. 
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Immediately  after  i  had  completed  this,  I  accidentaily  saw 
a  little  treatise  which  contained  the  experiments  which  were 
inetitnted  \vl  Pranee  by  M.M.  d*A1embert,  Marquis  de  Con- 
dorcetf  and  TAM)^  Bussnt;  but  they  contain  no  other  result 
than  that  the  common  theory  was  false,  which  savs,  that  the 
resistance  of  the  water  is  as  the  square  of  the  sine  of  the  angle 
of  ineldenee,  without  bringing  forward  any  other  principle  in 
it«  place.  In  perusih^  this  treatise,  it  suggested  itself  to  me, 
to  aisoaaalte  ah  iftttempt  on  the  tame  subject,  which  was  nfler- 
wards  done  and  inserted  in  the  trausactions  of  the  Royal 

► 

Academy  of  Sciences,  iu  17^515. 

In  cdn8CX|tteil^  of  the  results  which  i  thence  obtained,  I  have 
wrklen  this  work,  wliicti  is  eiilled'''il  Tkeani^  JBsfoy,  %c.^' 
Now  after  haviiijg  arriTed  as  far  as  was  necessary,  lioth  for  ^hips 
of  the  line  and  fng^ates,  \  determined  to  proceed  wilh  what  I 
had  begun,  before  the  interruption  which  would  be  occasioned 
by  entering  on*  die*  physical  experiments. 

40.  As  the  metbod,  whicli  in  connexion  with'  thiese  experi^ 
menls  is  lier«  used,  to  give  ships  thehr  form  abaft  In' the  water, 
is  difficult  iu  the  construction  of  the  draui?:hts  of  ships;  I  have 
been  induced  to  give  the  before- mentioned  short  and  safe 
method)  which '  is  nftidi -more  simple  and  equally  theoretical, 
although  the  reiaxation*Une  is  exduded;  ai»d  further  forward 
it  wiH  be  lound,  by  the  comparison-  of  these  tWo  methods  of 
construction,  which  is  the  most  advantan^eous.  llie  principal 
difference  consists  in  the  form  of  the  after  sections,  and  to 
make  this  comparisoii  correctly,  the  samiii  khid  of  ship  will  be 
eoiislnicted  "by  the  Tehualion«rline  as  hy  the  former  Welhod.  ' 

What  wW  be^iMiMctly  obtmed  by  this  method,  is  as  fol- 
lows, namely  :  when  the  displacement  of  the  ship,  the  length 
of  the  upper  water-line  between  the  rabbets,  the  greatest 
breadth  <^  the  ship  at  this  water-line,  and  the  depth  from,  the 
wat^r-lioe  to  tbe  upper  edge  of  the  rabbet  of  the  keel  in  mid* 
ships,  are  given,  together  with  the  situation  of  the  centre  of 
gravity  of  displacement  longitudinally ;  then, 

,1.  The  area  of  the  0  section  is  known;  2,  its  situation 
befofe  the  middle  of  the  length  of  the  upper  water-line)  or 
hefote  the^oentre  of  gravity  of  the  displacement;  3,  the  aiea 
of  every  section  lx>th  before  and  abaft  the  0  section ;  and^  4, 
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certain  other  spots  which  direct  the  form  of  each  aeetion,  so 
that  its  area  may  agree  with  that  previously  determined ;  and 
finally  the  determined  displacement  will  be  obtained,  also  the 
situation  of  its  centre  of  gravity  longitudinally,  so  that  it  may 
coincide  with  the  situation  designed  for  it.  .And  as  this  method 
is  founded  on  the  parabola^  it  ohtaius  the  n«iie  of  the  parabolic 
method.^ 

^    »  I,  .     -  , 

4K  To  begin  this  construction,  let  the  given  displacement 
of  the  ship  =  D,  the  length  of  the  construction  water-line  s= 
and  the  breadth  at  the  water-line  =  jg. 

rS  ^  displacement  of  the  Ship'  is  equid  to 

that  of  a  parallelopipedon,  whose  solid  content  ^  ,lB.t%  aiea-of 
its  horizontal  plane  =  /  i^,  and  depth  =  The  eomtCAetiott- 
elen^t  of  t^>)e>i|l  b^  formed  %»m  .p«aBe}<Jpipedon, 

asm  §  II.       ,   , ,  .    . .  ' 

h&i.AB  CD  GEyfiplO^,  represent  this  pacall^opipedon, 
AB  =z  ly  HK^  By  and  BE  =  t;  thmi.the ar€^of  kssido 
ABEF  IL  As  it  is  intended  to  form  front:  tUs  tho 
coostructioD^element  of  a  ship,  the  segment  ^Jf/.^  is  to  be 
formed,  whose  area  will  be  =  to  the  rectangle  ABE  FA  =: 
It;  and  as  this  segment  will  be  a  parabola^  put  its  exponent 

s    and  abscissa  H  I  a:      then  i3  — ^     whose  eaoio* 

«  *  u — 

n  —  i.  ■  •  ... 

—  ■■     an    m9    t  1m— .■^■y^.j    Mill     II.,    ■    II,,  -tin  ^        .■ij^B  I     I  III, 

■  Itli^lifsiia  fiM(iiisttaly,  that  tbis  line^  whidi  is  in  alliwpMto  so  will  adapted 

to  fhe  eonatruction  of  the  dxawinga  of  a  ship,  is  the  moat  simple  of  all  ragnlar 
lines.  Its  quadrature  is  easy,  and  the  situatiq^i  of  its  oaotre  of  grafitj,  both  ia 
the  direction  of  its  axis  and  its  ordinate,  is  equally  easy  to  be  found.   If  the 

exponent  is  1,  it  becomes  a  triangle  ;  and  if  the  exponent  is  infinitely  great,  it 
iieromes  a  rectangle  ;  thus  the  number  of  parabolas  which  can  be  constructed 
between  a  trianglo  and  parabolii,  is  infinite.  If,  for  instance,  the  urea  of  a 
water-line,  section,  or  any  figure  whatever,  is  known,  and  its  area  is  considered 
to  be  that  of  a  parabola,  then  the  relation  between  the  fulness  of  the  one  water- 
line  or  section  to  the  otiier  may  be  found.  In  the  same  manner  the  fulness  of 
OM  body  tnj  l»e  compared  with  of  appther ;  the  use  of  whioh  will  be  found 
fothar  forward* 


Digitized  by  Google 


855  'Chapimn*i  Work  on  Ships  of  Wat* 

'  As  HI,  HK  will  be  =  the  area  of  the  ®  section,  and  if  the 
area  is  given,  then  is  ^  ss  h  as  the  ahtciaia  HI  of  the  para- 
Ma,  the  tirhole  parabolic  area  of  which,  ABIA^  is  known, 
Which  mnltipKed  by  the  breadth      gives  the  constnictioQ-ele- 

ment,  whose  solidity  is  equal  to  that  of  the  displacement  of  the 
ship. 

Draw,  the  vertical  lines,  LQ,  MP,  NR,  &c.  whose  lengths 
are  knowti  by  the  equation  of  the  parabola;  when  these  lengths 
are  multiplied  by  the  constant  breadth  S  =  If  K  of  the  con- 
atruction-element,  then  the  area  of  everv  section  is  knou  n. 

42.  To  place  the  ^  section,  so  that  the  centre  of  gravity  of 
the  displacement  may  be  at  the  point  which  is  at  a  given 
iKstanee  from  llie  middle  point  Voi  the  length  of  the  construe- 
titm  water^Utie,  AB. 

Suppose  that  there  are  two  parabolas  A  T  and  B I  on  the 
line  A  B  whose  exponents  are  equal,  and  which  have  their 
VHtaK  Ml  /,  and  their  coaam  axis  m  but  whose  paramelMrs 
are  uneqaai)  ae  Uiat  tin  ordinata  HB  is  shorter  than  the  ovdi- 
Mite  HA. 

Let  V  be  the  middle  point  of  A  B,  and  the  common  centre 
of  gravity  longitudinally  of  both  the  parabolic  spaces  AIH  and 
BIM  be  in  T$  the  qntstian' then  is,  ait  whaC  plaoe  wttl  tha 
greatest  breadth  of  this  figure  be,  or  the  axis  HI^  so  that  th^r 
ciymtR<Mi  "teefttre  of  gravity  may  coincide  in  1^* 

Because  the  abscissa  II I  is  common  to  both,  their  equation 
is  ^  =  y\  As  the  tiibtauce  of  the  centre  of  gravity  of  the  pa- 
il 4-  1 

raboiic  area  HB  I  or  HA  I  from  the  axis  HI  is  «  — 

2»i  -h  4 

of  Uie  length  of  the  ordinate,  the  centre  of  gravity  of  the  iong- 

est  firom  the  axis  HI  is  =i  AH.  ^  ^  and  of  the  shortest 
•  w  1 

is  »  B&  2  n     4  ^       ^  be^xpreaaad  bj^ 

AHtmd  BMf  the  moaseiitof  the  longest  ten  the  asds  HI » 

7^4»  ^  ^  the  shortest  «  ^^r^> 
and  their  common  centre  of  gravity  from*  H  ^ 
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1JL±A  ^z^HT.   Let  y  =  then 


AB 

AH—f'\-  a  +  ^,  and  BH  =  /—  a  —  ar,  which  squared 

■r  "  ■  .  t 

4/a  +          ,  n  ±  I  ^  ^  \ 

whence  -  2ir+"4~  2/"          "  therefore  ;f  »  a. 

n  '-h  t        T;  l^ut  the  situation  of  the  ®  section  be^re  the 

middle  point  Kof  the  construction  water-line  is  =  a.     4-  2^ 

43.  As  the  area  of  all  parabolas  ma^  be  made  equal  to  the 
ai^a of  tbe rectangle  It  (§41)  th^Ftfore,  as  /  :  |i  ; :  n  :|»  +  1, 
then  smXi  either  the  ahacissa  ||  or  the  exponent  ft  he  ^nown, 
which  may  be  taken  horn  the  drawings  already  made.  Take  a 
ship  of  1 10  aAd  o/  G6  gunb^  and  kl  the  abscLd^a  ll  be  rc^uiied. 
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I,en|^h  of  eooitmction  water-liie 
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A^e$i of  ,S  •Button  -  ©  

B  ^pthof  rectapgle  -*  <  

^  s  abtci^a. of  parabola  »>  ]bi. 


110 

66  • 

• 

Sp722, 

209,33 

17,6,96 

2,492 

906,84 

56,27 

1019,90 

710,13 

^,1348 

1Q,4711 

18,U3 

To  %d  the  value  of  1|  fi:o9i  these  two  ships  the  es&ponen- 
ti^  ealcpiation  j  then  U  I  A  -  i  :  h  whence  the  eifponent 

log.  h       ^       lo^  18,113  -  log.  1.4,654 
"  *^  log.  i3,)34S  -  log.  ^0,471 

=5  and  h  «  1,6?03 .  t'^. 

All  tlie  data  are  noyr  obtained,  w4iich  are  ttecessary  in  form- 
ing the  drawings,  in  the  manner  described  in  §  40  fnd  41, 
w^ch  are  inserted  in  the  fQllowing  T^^^* 


loff.  h  --  ^ 

log.  t  —  log.  V 


Digitized  by  Google 


»>. 


o 


«J5 


o 

C7> 


— '  X 
vc       —  ^ 

C4       9  oe 


in 


00 


9)  O 


M  O 
V  00 


8 


O  00 


Si 


3> 


§3  s  R. 


OO  .  tti 

i4»  cT 


0j5 

OO  to 


vo 
C4 


I';  ~  r^r: 


00  " 

est  vo 

:3S 


Ok 


o 

o 

O  9k 

cc 

o 

o 

o  o 

tC 

8i  (M 

OO 

CO 

CO 


o 


00 


QO 


C4 


(HO  — « 

Si 


Digitized  by  Google 


Digitized  by  Google 


<o 

9)    O  C% 

O  -T 

iT^      C"4  CO 
•«        «  •> 

W  <V 

00 

fO        CIO     CO     OD        CJ  ©Oi^"* 

O 

C4     O  'C^ 

i'^  fNl 

*\          *s  •« 

<Q    C4  ^ 

CO             o>   «>.     »»  ■*'^^=^«s°^^ 

-                 i-i       go     O  O  t>»  tH 

C4    O    94  { 

OO    (N  V> 

AS 

V< 

w  « 

* 

S  5    g  Is^- 

■  X 

•  . 

in 

CO  o 
^  «  V 

tx 

eo 

— )        ^,00      00      ^         »>•      CC?^'-*  —  o 

w     9  ''^        2     S   £!  M  £b 

o 

ao    o  oo 
0    0  9 
V9    00  CO 

at 
o 

00 

CO 

-in  4  ®^  5  IS-^S^S 

Digitized  by  Google 


.    *€^apimm*9  Wofk  m^  tkip*  of  fFisr. 
'  WIm  the  cglddatioM  of  a  •hip  m  nude  wording  to  thi0  mif 

■ 

'^i-j-*.  '   J**     nml  B  d  r  9  LBd 

thods  It  must  be  examined  if  -  — — r^^-.^  .  =  ^  — 

It     i  ,111  +  1     r  +  1 .  J  +  1 

is  =  the  displacement ;  if  it  \t  not  so,  there  must  be  an  error 

either  in  some  exponent  or  dimension,  because  in  tlie  largest 
ship  there  cannot  be  p.  difference  of  above  3  or  4  feet  in 
dispkcement. 

The  true  value  of  a',  which  is  included  between  two  fines  in 
the  table,  is  inserted  for  this  reason :  that  if  the  valtie  of  a 

which  is  found,  is  considerably  greater  or  less  than  a,  then  the 
quantity  by  which  the  half-breadth  y  must  be  increased  or  di- 
minished, may  be  found  by  the  method  inserted  in  the  table 
No.  31.  In  the  example  of  a  ship  of  80  ^uns^  it  is  found  that 
a— a^sb4,262-^49}31  3:0^131  too  much^  and  that  the  necessary 
decrease  is  obtained,  by  making  the  half-breadth  y  about  one- 
tenth  of  an  inch  less,  which  is  certainly  inconsiderable.  Sup- 

jpose  that  the  half-breadth  should  be  less^  by  which  the  depth 

D 

0i  ihe  paradleiopi|>ed       i»  gr^yter  than  jbe^e^  th^n  Ithe  fibr 

scl83a  It  of  the  line  of  sections  will  be  also  greater  in  the  same 

proportion,  namely,  as  ^  :  : ;  h  :  h'^  nevertheless,  the  area  of 
the  0  section  and  the  exponent  n  of  the  line  of  sections  are 
tiot  altered. 

'  The  Jialf-hreadth  may  J&lso  he  found  by  an  easier  method,  in 
case  any  alteration  is  necessary. 

75  33 

.  JhedielMmii'teaJbeiNiiaaiidloil^ 

of  the  line ;  when  the  distance  of  the  centre  of  gravity  of  the 
^lip  .above  tl>e  water-liiie,  and  the  distance  of  the  centre  of 
gravity  of  the  displacement  below  the  water-line^  .ai;e  ^Kkied  t^ 
jit»  Ite  1ia0k9  N  (Obtaifiedy  whfl» J>  3c/|^4f#p  Fuom 
the  two  espreanfips  inaefted  in  the  tabie»  Aur  fi^vi%ft  t^4^ 

tot  thwdndepkers  J  ^  =  gy/^^^^ '/ and  for  twee 

4B«h«i  i  «  «>  a/^f^^^^  '£^^vrf,  tmomHwg  M>  «Ai<* 

Ite  4mi^  m  w4ei  an4  as^the  ifx^  of  %  $  «e<^on  nj^ 
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iIm  esponent  »  an  eoostaiity  as  jusl  iMotiooalf  the  resirtiinrf 
is  the  same  as  before,  whence  all  the  ships  sail  e()ually  fast^  and 

-with  the  same  sails  incline  to  the  same  anele.  ** 

In  this  manner  a  ship  can  be  given  according  to  circumstances 
.the  nece^ary  stability^  previously  to  beginumg  the  drawings. 
\  ;  As  the  calculations  which  relate  to  the  stability  of  a  ship 
depend  vciry  much  on  the  aititation  as  to  height  of  the  centre  of 
gravity  of  the  ship,  and  as  the  ^tuation  of  this  centre  should 
necessarily  l)e  known,  although  it  has  not  hitherto  been  consi- 
dered in  a  manner  which  could  lead  to  the  improvement  of  the 
science,  it  must  now  W  seen^'bpvr  necessary  it  Is  to  find  the 
means  of  obtaining  this  ^intrey  .aiicl  that  for  aO  ships  and  ves- 
sels sailing  on  a  wind,  it  is  one  of  tlie  most  important  cucunl- 
stances  ui  the  science  of  ship- buihhag. 

44.  As  the  exponent  of  the  parabola  for  the  iioe  of  sections 
is  the  same  both  before  and  aliaft  the  0  section ;  if  therefore, 
the  distance  both  before  and  abaft  the  %  section  to  the  ends  of 
the  water-line  ly  is  divided  into  an  equal  number  of  parte  as  in 
the  foregoing  table,  then  the  distance  between  the  diviisions 
abaft  the  0  section  is  greater  than  the  distance  between  the 
.divisions  before  it^  whence  the  corresponding  ordinates  L  NB^ 
of  the  line  of  sections  at  both  ends,  arie  of  equal  length  j  con- 
sequently, also  the  areas  of  the  corresponding  sections  are  equal, 
but  of  dissimilar  figure  t  and  it  is  from  the  greater  spreading 
of  the  after  sections,  that  the  ship  is  sharper  abaft  thaii  for- 
ward. 

.  The  ®  section  ir  eenstrueted  in  the  same  mamer  as  before, 
see  §  23  and  tab*  21 ;  but  the  upper  end  of  the  diagonal  of 
construction  at  the  after  section,  terminates  in  the  same  man- 
ner at  the  w  ater-line  and  sternpost,  as  the  diagonal  of  the  sec- 
tions forward. 

For  the  ednstniction-of  the  sections,  the  ordinates  C  of  the 
ribband-line  are  equally  necessary  now  as  before*  « 
After  the  lengths  of  the  ordhiates  h  of  the  line  of  sections 

for  all  the  sections,  a!id  the  half-areas  of  the  sections,  are 
known  and  inserted  in  their  columns  for  all  the  five  ships,  it  is 
accessary  to  find  a  general  rule,  which  will  give  the  lengths  of 
the  ordinates  C  of  the  ribband-line  from  the  water-line  to  the 
diagonal  of  construction  at  the  7th  sectiofi,  both  forward  and 
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abaft,  for  all  ships  of  the  itn€.— 'For  fioding  thm,  ohilM  of  1 10 
and  66  guas  are  viaad. . 


Forward 


110 


{ 


(no  '2,970  / 


At  the  7th  section  forivard 


lo?.  12,97  -  h)°.  10,3 


Cnt  12,300 
11,045 
C«=  ^,800 
A  «  »,653 

At  the  7th  section  abafk 

»n,.  12,3 -lo,.  9,8  ^^^^3^ 


lo}?.  11,045  ^  log.  «,ti5:4       •      .       .  lo^.  I  i  ,04ft  -  lojc.  »,65H 
beuce  C  -  J,3421  hence  C  =»  1,3147  A'-sw 

Hence^e  ordinates  C  of  the  ribband-Uue  at  the  7th  section 
-  ^  ire  obtained  for  the  ^v^ft1iS))9»  *• 


*             ^  _ 

•                '              _  . .  . 

no 

94 

80 

74 

66 

a  « 

t 

CAt7tlitectH»D'| 

^    •  —  (^abaft. 

 ;  r.'  ' 

12,30 

11,49a 

10^615 

ie,fi86 

10,161 

10«M 

U,80 
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No.  34.— (iMteMetf.) 


Jfera  fhip  of  GG  guns.  ( 


Ordi. 
uate 

y 


y 

8 
7 

r* 

4 

3 

1 

a. 


1 


,  OnHnr\tes 
.V***''  ^j.'     <it  the 
21,73^2  sectloD'line 


11.257 
8,;{82 
6,001 
4;«80 
2,585 
1,471) 
0,720 
0,261 


 r 


o^ooa 
\  i,m 

1,397 
«,272 
8.653 
10,574 
12,069 
13,175 
13,1)34 
14,393 
14,f:0H 

14,664 


^t*  »  0,631  forward 


C «  0^369 .  A + O463IW ItA 


V  area 
of  iiectiuns 

24^.  k 


Ordinatc^.C  of  tbe 
ribbu4*llBe.  f 


0,00 
42,^9 

62,31 
151.97 
209.66 
256.21 
292,43 
319,23 
337,62 

:'.iM,74 

353,9H 


T — "  ■  ' 


i 

10,30 
11,76 
12,84 
13,63 
14,16 
14;47 


A 


^ 


5,01 
7,73 

9,80 
11,40 

12,^:1 

J3,4^ 
14,09 

IMI 

I4,(ja 


C  «  0,56..  4-0,44 


Alreeably  to  the  fqiegCDRf^Tables  ^Ot2S  and  34,  the  draw- 
ings        five  4ii|Hh^.^4h«^liii«»  4>li^^  >^%^IIK^ 

and  XV,  are  constntcted.— There  are  c#o  plates! to  CMi  ship, 
marked   with   the   same  number.    'J'he   slicer-draughts  are 
marked  A,  and  the  l)ody-plaus_^.    llie  measurements  are^ 
then  made  froni^|he«e..d^ipg^^4  ^  i«f uit^  mieftMi# 
the  following  Tiibie.  -  :  ^  . 


1  *, 
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Table  No*  35* 


.Displacemeot , 


'Coi)tr(M>r  ij^raritv  heTirc^       raidJIeof  ^ 


94: 


152854  128287  107390 


3,33 

SlOO 


3,128 
4660 


15,139, 14,404 


6,m 


6,352 


2,90 
4IOOi 


74 

til'. 


J6e  < 


2,75 


14,0  1 13,887 


88714 
2,82 

13,?33 

■  *  " 


i^Thfr^dnly  deviatien  from  the  fyroportiomy  whicli  ai^  in^c*rtt*^ 
in  tab.  No.  o-'J,  wliich  luav  l)e  allowt'd,  h  in  the  exjjoiRMit  of 
the  line  of  sections,  which  is  for  a  ship  of  74  guns  ^  2,524, 
which  miglit  be  reduced  to  2,5  or  2,49,  and  in  the  same  pto^ 
portion  for  tlie  other  Bhipsi  by  which  they  become.aonethtng' 

sharper  at  the  extremities;  and  as.  the  equation  »  » 

is-constanti'the  greater  h.  in,  the  greater  also  is  the  area  of  the 
$  section ;  unless  some  other  term  is  altered,  besides  those  id 
which  are  only  the  quantities  n,  li  and  0. 

45.  Now  wlieti  an  acquLiintauee  with  this  method  of  con- 
ttructioQ  is  obtained,  and  it  is  desired  to  examine  the  dmwjugs 
of  ^hips  and  vessels  which  have  been  built,  without  respect  to 
the  form  of  ttieir  0  sections,  the  fdlowing  explanation  will  he 
Intended  tOt 

To  facilitate  the  measurements  of  the  breadths  of  the  water- 
lines,  it  is  necesa^ry  to  be  furnished  with  such  *  a  scale  as  is 
described  in  §  30.  Calculate  the  area  either  of  every  section 
fomid  inr  the  draught  or  of  every  other  section,  by  which  the 
displacement  and  situation  of  its  centre  of  gravity  longitiidinailly 
are  known, — Divide  the  area  of  every  section  by  the  breadth  of 
the  0  section,  and  set  off  the  quotients  from  the  water-line 
ftiwttwarda  on  the  corresponding  sections,  and  through  all  the 

vouiiu  '  BB 
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.  spots  thus  fiNind  draw  a  eunred  line,  which  is  called  the  line 

of  sections;  continue  this  line  as  well  forward  as  ahaft,  in  the 
direction  ot  its  curvatuie,  to  meet       intersect  the  uaier-Hnej 
^he  distance  between  these  two  intersectipus,  is  caUed  tbe  kiigtlii 
bf4he  wafesr-Uiie  of  construction.  *  i  vi  j 

I  Bxi«iii]9ile :  let  the  displacement  of  the.Tewel.^.ilMiii^^j 

of  the  0  section  =  0,  its  breadth  at  the  watef'«  iiiffiiee 
B,  the  length  of  the  construction  wattr-line  =  ly  and  the 
^istence  from  the  middle  ol  this  iins  ta  it«.4:fnKe»#£*#ravity. 

Ka.   ^  ...  ,  I 

i  Suppose  that  the  line  of  sections  jnst  mention^  Is  a  f&Ukfikfl 

pdlet  iti  exponent  he  »     then  the  eitiNii^fi^t  ^^^ 
jf^Uf^  ^^jy  and  put  f  «  H.  ;A» 

of  the  0  section  of  the  drawing  is  not  regarded,  set  oif 
froqi  the  .centre  of  gravity  a  distwe  =  :t  ^vhich  ^ijl 
l^l^uniedes  the  sitnadon  of  the  tD  irfrtm  Tk  tltiirinf 
from  this  stf^tion  of  the  ^  section  tO  the  eiltiwifieti|f  jAU 
construction  water^ine,  as  well  forward  as  abaft»  ift  ckWded^-intft 
tea  equal  )):irts.  Construct  a  parahohi  IVom  the  <^  secUan  1%^ 
one  end  of  the  line  ot  sections^  whose  equation  is  p  a;  =  y% 
'}'he  longest  orQinate  y\s:si  lO,  when  the  ah<ci|i4  itif-m^ 
Vrhea  the  ahscias^  ^  which  correspond  to  all  the-  other  mdi^ 
nates,  9,  8,  7,  &e«  are  suhtracted  from  ll,  then  the  co-ordinat«i 
or  ordinateis,  if  they  be  so  called,  are  obtained,  whic  h  are  set 
off  from  the  water-line  both  before  and  abaft  the  ^  section  ; 
'  end  it  will  be  fouivl,  that  An  a  weU-conitrncted  ship's  dranghl, 
f he  line  qf  sections  drawn  on  the  tame  draufj^^  wiH  very  neeity 
^ncide  with  this  parabola. 

46.  When  the  resistance  of  tlie  water  on  the  fore  part  of  a 
bhip  of  74  guns,  and  the  force  of  cohesion  on  the  after  part 
which  opposes  its  coMrse,  are  calculated^  and  the  ticked  line 
\n  ^ipt  79  ia  drawn  ac(;ordingly^  it  is  seen,  |hat  the  force  of 
eohefson  ahaft  is  increased^  hut  the  resistance  forward  is  de« 
creased :  so  that  on  the  whole,  the  sum  of  the  effects  of  the 
water  to  oppose  a  ship's  course,  is  ^'^^  part  Jess  by  the  latter 
inethod  of  constructio^i  than  by  the  former,  where  the  direction 

^  the  vf  iaxatioMlne  is  edpMsd.  Iliat  this  sbrosild  he  about 
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the  proportion  is  evident,  from  a  comparison  of  the  exponents 
of  the  lines  of  sections,  the  former  exponent  m  being  ^  2,7468, 
and  the  latter  exponent  n  being  =  2,524.   The  former  expo« 
MmiL  hvm^  m  gveat*  mm  fron  fhia  mm%%  A».4he  rvkxatton- 
iinii  IMMI  MeMteily  be  applied  0  tiM  ate  jkeit  «f  tke  sUf^ 
4inda8ji  dfcnfaw^io  in  tlie  dufdMaMt  dannot  be  eUcM^d)  k 
is  necessary  to  make  the  fore  body  so  much  the  fuller,  by  which 
the  centre  of  gravity  of  the  displacement  comes  about  a  foot 
IfHTther  forward  than  ia  the  latter  method  of  ceMnittlon,  whioi 
^ectainljr  does  not  eonduce  to  a  aUp'a  caaung  vp.  wett  ttt  the 
JMBdf  and  aa  thb  ennit  be  amded  in.  an3i  {itismmimm^  ^bm 
by  increasing  the  depth  of  the  upper  part  of  the  construction* 
element,  and  by  a  corresponding  decrease  in  the  depth  of  the 
jo«m  part  of  the  construction-element,  by  which  the  centre  oC 
feanilgr  ef^dasplacement  is  removed  forther  aft,  and  eoweqeently^ 
tbe  eiqioneBt  m  of  the  Une  of  sections  forward  is  diminifthed) 
(hot  as  the  diminution  in  the  depth  of  die  tamr  pait  of  tb^ 
construction  element,  causes  that  part  of  the  after  end  of 
^he  ship,  which  takes  the  direction  of  the  relaxation-line  to  be 
^dSawMshed,  by  vhadt  the  foree  of  cohesion  is  increased,  IkUe 
or  nothing  is  gained  by  the  an>Iio«tton  ef  the  relwbtlMhth^ 
^ipeeially  in^  Mps  oT  the  tine  $  and  as  it  is  fowMl,  thet  ft  is 
*|hlpossible  that  it  can  be  otherwise,  and  besides,  as  this  method 
^  construction  is  very  diihcult,  the  parabolic  method  of  con- 
letructioD  for  ships  of  the  tine  described  in  }      is  adopted  in^ 
.ilted^fit,  is  theshnplestadd  mM  complete  dMteinpeMihIy 
«bv  fonnd,  wldeh  wi&  be  tfesAed  on  fbrcfaer  Ibrwerd.  -  f 
v-  As  this  alteration  in  the  method  of  construction  makes  n<f 
-difference  ather  in  the  principal  dimensions,  the  displacement, 
or  the  magnitude  and  form  of  the  0  section,  and  as  the  uppet 
)l4iii^laMe  M  eciy  metly  ei|iil|  the  stability  is  the  same, 
dUVAe  operntions'wbieh  nre.gifen  for  th»  Ibrmei^  emS 
leqaally  applicable  to  the  latter  asethedof  constwjetion.  The 
sheer  draughts,  and  the  form  of  the  sections  above  the  height 
of  breadth,  are  also  the  same.    Consequently,  the  greater  part 
di^th^ltiaelh^  Jith,  and  eighth  chaptevs  cannot  be  eervibeable 
)m  tfne  hMtdr  mebhod  «l  e^nsMsiion^  boi  should  n«fcMliele!»«i 
Ivirebitkm  Co  both  method^  es  yM\  liertnftw be  ehowii,  M 
attentively  considered.  *  "  ''^^ 

Bfi2 
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CUAP.  XIV.— 0»  Hit  Fupiit  called  ihe  AccumuUteMT. 

47.  Now  mhm  the  dmwings  of  a  «hip  of  the  iine  «ie  nmde, 
ihe  dei^  and.  mteeef  the  figure,  celled  tlw  Aecmmiakmr 
wiU  ^  ieen,  wUdi  le  ■eetkirted  ie  tlie  Mie  to  $  15  k 

^  Kannedom  af  Linie-skepp/ 

Although  it  U  not  so  complete  as  it  might  he,  and  in  order 
lo  render  it  eeaciBeyno  scale  ef. the  drawing,  Stc^  U annexed 
fo  it  (the  pmpertiei  ef  which  msy  he  ebtaintd  finmi  the  jait- 
■Mntiened  traetise'  on  ship^bnlding  primed  in  1775),  yet  iMt 
only  tlie  etiect  which  the  metacentie  has  on  the  stabihtT  may 
be  plainly  seen  there^  but  also  how  much  stability  is  lost  dmidg 
ft  voyage,  by  the  diratiiution  of  the  ptovisions  and  annnanmoa, 
wliifih  the  greater  or  leia  elevation  of  the  metacestre  cot^ 
rtctly  tndieatea.  A  rule  is  elso  obtained  by  this  figaie,  for 
6ndtng  the  height  of  the  common  centre  of  gravity  of  the  ship 
And  lading. 

-  Fig.  106  is  this  accmnuhieur.   The  upper  scale  marks  the 
enbic  feet  oC  water,  by  which  the  displaoeoient  to  the  ootside 
the  tfimbcrs  is  ftmnd,  at  different  depths. 

The  vertical  scale  shows  the  distances  in  feet  of  the  water- 
lines,  2,  3,  4,  &rc.  below  the  upper  water-iine-  The  line  A  C 
is  the  .water-line  when  the  ship  is  completely  armed.  From  Ay 
whace  the  fiisMicntioned  scale  conmencesy  the  line  is 
drawn  perpeadicttlar  to  AC^  Draw  the  Bnes  2,  3,  4,  teu 
parallel  to  A  at  equal  distances  from  one  another,  and  the 
same  as  the  water- lines  on  the  parabolic  body- plan  of  a  ship 
pf  74.  ^08,  Hate  XIV*  jB^  which  ia  used  in  calculating  the  dia- 
plaeement* 

,  Set  off"  by  the  upper*scale*thrdi9plaeenient  between  the  let 

and  2nd  water-line  which  is  ss  Q  jR,  and  between  the  1st  and 
3rd  =  ^7',  and  so  on  for  all  the  water-lines.  Draw  through 
|he  points.^  the  durved  line  ^Ti*;  then  expieases 
the  displacement  between  the  iat  and  2nd  waterwhne^  .  and 
A  F  the  displacement  below' the  2Dd  wateruHae  to  the  keek 
jSf  7*  the  displacement  between  the  1st  and  3rd  water-line, 
and  J'Z  th«t  displacement  bciow  the  3rd.  water-line .Jto .  the 
Iceeltt 
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Let  F  G  SI  AXf  which  expresses  the  displacemmt  s=  J)  $ 
QRfST^  express  the  dkplacemcfit  above  the  mter-hifte^ 
»  IT,  then  QII »«  IF,  aiid  it  F«  I)^  IT;  £fr    IT,  ii^^ 

TZ  =  D-  W,  and  so  on.  It  is  to  be  observed,  that  each 
quantity       ha«;  its  separate  value.  '  ' ■  ^  ;  .  • 

In  order  to  clearly  see  how  the  metaoentre  moves  as  the  ship' 
riiee  liigker  dot  of  the  wa^r  bjilie  dimitnitioii  of  the  ladings 
diralir  the  lines  KLy  MNy  BK.'\ain3M  ti  the  Verticid  line  B  E; 
at  the  ^ame'idistance  apart  as  the  water-lines  1,  2,  3,  &c.  Let 
K,  M,  O,  D,  be  the  centre  of  gravity  of  the  displacement 
for  each  quantity,  fV,  and  draw  the  line  MMD,  then  the 
centres  of  gravity  of  the  displaced  voluines  for  all  the  diminished 
Asplacements       W  lie  in  this  line. 

Divide  d  x  for  each  water-line  by  its  corresponding 

displacement  i)—  W,  and  set  off  the  quotients  from  //,  My 
&c.  to  I L  Ny  &c.,  and  draw  the  curved  line  JNP  Dy  then 
this  line  determines  the  situation  of  the  metaoentre  for  every 
wa£er-Hne.  Thus  B I  is' s  the  beight  of  the  metacentie  above 
the  water-line  when  the  ship  has  its  full  lading  or  Is  armed ; 
and  if  the  ship  is  light,  so  that  it  floats  at  the  5th  water-line, 
the  metacentre  rises  a  height  :^j:Nm   Thus  the  curved  lipe 

/X^i^  the  locus  of  the  metaeentres....;  

-  If  file  common  centre  of  gravity  of  the  ship  and  lading,  when 

it  is  armed,  is  in  r  —  2,23  feet  above  the  water-line  B  C  (see  § 

32),  then  r  /  is  =  the  distance  between  the  centre  of  gravity  of 

the  ship  and  the  metacentre. 

'  Suppose  that  the  ship  is  at  sea  and  that  all  the  provisions 
and  ammunition  are  consumed.  Suppose  the'centre  of  gravity 
of  the  bread  and  flour  to  be  in  /,  of  the  powder  and  wadding  in 
I?,  of  the  provisions  in  casks  and  of  the  brand}  in  u\  of  the  shot 
in  and  of  the  coals  in  z.  Suppose  also  that  at  another  Umc^ 
half  of  tdl  these  articles  is  consumed^  then  tt  will  be  seen  by 
^e  following  example  h6w  much  the  4ientre  of  gravity  rises  by 
the  diminution  of  these  weights. 

'  What  was  inserted  in  tab.  No.  10, 1 9,  and  in  the  note  to  it, 
ii  to  beobsetved  ;  that  the  displacement  of  the  ship  is  caicur 
lated  on  the  supposition  that  one-fourth  part  of  the  provisiona 
ftlfbittifinM^  S0  that  it  Ift  the  TCmaraing  tbree-^foitTtha  of  the 

provisions  which  will  be  consumed  during  the  voyage^  also  hi 
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§  6,  tab.  No.^y  that  25  round  shot  and  the  wadding  for  all 
Um  guns  kre  lying;  en  the  deck,  which  weights  are  not  included 
iMk  fkoat  itt  the  hoM,  wbieh  wouM  ha  dkniiiiihed.dariqg  the 
vdyagt.  '  •       .  *  ' 

As  the  floating  of  the  ship  is  in  the  proportbll  of  ikmt 
weights  to  the  displacement  taken  to  the  outside  of  tlie  plank- 
ipg^and  as  the  displacement  waa  calculated  only  to  tlie  outside 
qf  the  timben^  in  order 'to  prasem  the  proportioni  «ll  the 
weights  whteh'wouM  be  eoBsumed^  nmst  he  dnttiuehed  one- 
tweutiethf  part ;  and  these  weights  thus  dimlshed  ire  inseited 
in  the  iollQwing  table. 


iDispUcement  to  the  outside  oF  tlie 
timbers  »       »  96420  cubic 


Bread  apd  flour «  «  

Powder  and.wa^diDff 

Provisiont  ii|(;ask«fe  br%Ddv;,4c 

Cannott  shot;  

Coals  

^fotal  »  


The  whole. 


Wt.in 
eabic 
feet. 


2552 

973 


Itt  oentre 
of  gr.btlow 
the  centre 

offct-  ofthe 


1»23 
9,00 


1518  10,50 
22nl  ll»flO  t86344 


729 


15,50 


8043 


Mo- 
ment 


3139 
8757 


The  half. 


Its  eeatre 

Wtlniof/'^-belo*' 

oabie  ^^1^ 
of  Kt.  of  the 


.  feet 


1276 
486 


15939  759 


11299  364 


65478 


4021 


.0,23 
9,50 

ni,ee 

14»50 


Mo- 
meat 


293 


7210 
5278. 


28711 


^478     _  n  -J  ft      1  28711 

■  .      •        ,         •  •  •  •         •  * 

Thus  the  common  centre  of  gravity  of  the  ship  rises  by  the 
ciiminution  of  the  whole  weights  0,74  foot  higher  than  it  was 
before|,aud  of  haU  the  weights,  0,31  ibot*  It  wa»  found  frcH» 
the  cubic  scale^  that  the  ship  in  the  first  cese^  hj  the  diminu*; 
tioa  of  8043  cubic,  feet^ii  the  displaceni|ent»  rlaes  l,05*lbot 
=        and  by  the  4iimautioQ  uf  4021  cubic  feet  0,51  fuut 

fi^fa  r  draw  r  s  puaUel  ta  B  C,  from  the  vertical  tkw.  i^^ 
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parallel  to  rh  From  b  take  h  f  =  0,74,  and  from  a  take  a  e 
»0,31  :  then  fd  h  «  the  distance  between  the  centre  ot 
gravi^  of  the  Mp  and  metaeentre  in  the  first  cm,  and  te 
'IS  the  dfMitce  hetwM  these  cMattfi- in  the  ktter  ease.  ' ' 

The  distances,  r/,  ec,  and  y V/,  are  a  4,475,  4,29,  3,98^ 
-and  their  corresponding  dispiacenunts  =  '96420,  92399, 
88377,  hence  the  moments  of  stability  are  «  4,475  .  96420, 
'4,29  .  m99  and  3,96  .  mil  »  431479,  396392  and 

95IM0.  ' 
'    It  nHff  he  Miw  seen  liow  much  saiHt  eaii  eariry^  ad  that  Hi^ 

inclination  in  action  shall  not  exceed  7  degrees.  '  •  -  ' 
'  When  all  the  provisions  and  ammunition  are  consumed^ 
the  displacement  of  the  slnp  to  tlie  outside  of  the  timbers  =« 
96420  8043  =  88377  cubic  ht^  and  when  the  planking  i« 
added  to  thi«  quantity*  the  ditfplacemeilt  Q  ±i  98028  ctthlefliNf^ 
and  as  3,98  =      aQ  =  370251.     '  '  - 

■         «  Q  z:,  370251         5,5684968      V  ^  ["  -  -  - 

/        I4,ti5439l3    '  :  \ 

4,6543913  ^  4i  1 22,3 

COS.  7°  .  .  .    =    0,9967507    •    '  ■^'^    V;  '  ,; 
r  AF  =  18379   «=    4,2759790^   .  , 

«  ■  

14,2727297    .  . 
.  rad*  ♦  •  f  • .  ^   10  , 

'  '  4,2727297  =  18738,3  , 

26384,0 

;  26384,0  =  moment  of  the  power  of  the  sails,  M.  Thus  it 
:  will  he  found  by  reference  to  the  table  in  §  16,  cu  the  area  of 

•aiUflf  ahipi  q£  Ihe  Up<e,  tliat  when  this  ship  takes  in  its  top- 
rgallia*al^*  U  l«iU  |io^4lf|df»r  these  incline  mpjf& 

than  7  degree^  B|it  if  this  shift  ware  acco^^^ 
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moii  method  of  construction,  so  that  as  it  lightened  and  rose 
iiigher  out  of  the  water,  the  metacenUe  did  not  at  the  same 
ti^u  rise  In  the.Bbip^  it  would  be  iiec«i8aiy  to  t«ke  in  nearly,  a 
whole  rpe(  in  each  of  the  topsails^  in  order  that  the-indinatuui 

^light  not  exceed  7  degrees. 

The  following^  observatioi]  w  ill  be  made  on  tl^  dimmutiuu  of 
the  provisions  during  a  voyage* 

:  As  it  u  found,  that  when  the  weights  which  are  situated  be- 
low the  centre  of  gravity  of  the  ship  are  taken  away  this  een- 
tte  rises  higher  In  the  ship  than  before^  and  as  it  henee  comes 

nearer  to  the  metacentre,  the  nion^cntof  the  .stability  of  the 
ship  is  diminished ;  and  thereioie  the  inchnation  when  close- 
baided  is  greater  than  before ;  and  if  the  inc  lination  is  not  in^ 
jQreasedy  .the  area  of  the  sail  must  be  diminished :  tbns  to  woU. 
the  ioeonvenienee  of  a  greater  inclination,  the  ship  loses.in  sail- 
ing fast.  The  state  of  the  case  is  such,  and  it  can  only  in  some 
degree  be  obviated  in  this  manner,  namely,  that  all  the  weights 
which  are  not  diminished  during  a  voyage,  may  be  placed  low 
in  the  ship,  and  those  weights  which  are*  diminished  4uring  a 
voyage  may  be  pla<Sed'as  high  in  the  ship  as  they  conveniently 
can ;  but  this  circumstance  has  not  been  attended  to  sufficiently. 
One  ship  has  its  anchors  stowed  on  the  oiiop,  and  the  bread 
and  flour  in  the  hold ;  in  another  it  has  been  found  more 
convenient  to  have  the  anchors  in  the  hold,  and  the  bread  and 
flour  on  the  orlop  deck ;  and  the  latter  method  is  right,  because 
the  ship  during  a  voyage,  when  all  the  bread  and  flour  are  con- 
sumed, does  not  lose  so  much  stability  as  when  they  are  placed 
beiow  the  orlop  in  the  hold. 

48.  As  it  is  impossible  to  construct  a  drawing  of  a  ship  of 
the  line  which  can  be  depended  on,  vnthout  having  the  nUut- 
tion  of  its  centre  of  gravity  kiiown,  a  practical  method  of  find- 
ing it  will  now  be  given ;  but  previously^  the  following  problem 
must  be  solved. 

Let  there  be  a  drawing  of  a  ship,  in  which  the  situation  of 
the' centre  of -gravity  is  known  as  to  height,  aadsvi^Mwe  that 
this  ship  is'  grounded  and  that  the  water  grufduaHy  leaves  it: 
then  the  quiestion  Is,  how  much  the  surface  of  Ute  water  may 
"be  lowered  on  the  ship,  so  that  it  may  be  balanced  between 
remaining  upright  and  inclining  on  either  side.  '        %  . 
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iet  tberefon^  4/£<0j.fig*  107>]iie.the  truMTer^e  .aectioii  of  a 
Hhip  iofttiBg  on  the  water,  CD  water*liney  ^  the  lower  edgi 
of  the  keel,  W  its  eeatre  gravity  when  armed,  and  Q  its  meta* 

centre. — Suppose  that  the  water  has  fallen,  that  thel  keel  E  is 
grounded,  and  that  the  water  s  surface  has  sunk  some  distance 
lielow  the  water-line  of  the  ship  C  D, 

Let  the  displacement  or  weight  of  the  ship  =  2)j  and  the 
weight  of  the  water  diminished'  below  the  water-line  of  the 
i,hip  —  W;  then  the  quantity  of  water,  which  still  supports 
the  ship  =3  i>7-W;  consequently  the  moment  of  the  force  of 

the  water  to  keep  the  ship  upngbt  =  W  .  .FQf  and  the 
moment  of  the  fbree  to  incline  or  upset  the  ship  =  W ,  FSL 

Hence,  when  D~IV ,  FG  ^  If ,  FE,  the  ship  will  balance 
between  remaining  upright  and  inclining  to  either  side* 

When  Wss  0,  the  moment  of  the  force  which  causes  the 
inelination  3^  0,  and  when  19^  =  the  foree  which  keepe  the 
ship  upright  r=  0.  The  quantity  D  and  the  distance  FE  tat 
constant;  and  as  the  quantity  ^  and  the  distance  FG  will 
vary  for  every  depression  of  the  water-luie  MI;  the  solution 
of  this  problem  would  be  Very  difficult;  but  by  the  use  of  the 
^tceumtMeur,  it  is  my  easy,  es  appears  m  the  following 
'inanner;  • 

«  Take  the  same  ship  of  74  guns  completely  armed,  for  which 
the  accumulateur  is  made.  •  "  ' 

From  the  lower  edge  of  the  keel  to  the  water*line  1  ss  YB 
.4*21,42^  fi^.  106;  from  the  same  water*lme  to  the  centre  of 
grarity  of  the  ship  r  ^  2,23  ^  Br,  which  quantities  added 
together  =  23,65  =  A:  =  Yr,  From  the  centre  of  gravity  of 
the  ship  r  to  the  metacentre  I  :==.  r  I  ^  a  ^  4,475  j  D  =» 

96420.  In  the  equition  B-W  .        =  ^  .  FE^  F  G 

5=  a  and  FjEf  =  h,  hence  D-W  .  a  =  W h. 

To  render  this  clear  the  whole  is  inserted  in  the  following 
Table. 
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t"^-^  

I 

The  disnlacenient  is  taken  m  thtt 
greater  tcale. 

• 

* 

1  < 

«  • 

•  L 

tartt  which 
keapttke 
■bin  vp> 
viclit 

D--  //"  « 

Moid  tut  e( 
Ibrw.Wkicb 

# 

J) 

- 

Between  ttcftoa  ^nci  VM9r*uoe.  • 

i  ~ 

^  A  All  A 

96420 

1 

78626 

* 

• 

• 

Distance  be-  ^  Ut  water-line 7 

■ 

4,476 

4,476 

0,000  j 

tweeu  centre  \ 

5,080 

4,143 

43M  j 

aiul    nifti*  J 

1  r 

a,7»7 

1 

yOiily  in  order  to  obtain  a  convenient  length  in  the  coustructioii. 
From  the  vertical  line  B  E,  set  off  J5/t  =:4,47.'>,  i  *  =  4, 1 4.'^, 
and  /i»  s=  3^7973  ;  through  these  spots,  draw  the  line  hku^ 
^eitthe  force  which  keepa  th«  thipapiight  it  always  to  tbia  Hue. 
From  the  same  vertical  line  BE^  set  olF iiis4|364,and  lpss.%j5^ 
Through  these  points  draw  the  line  Bnp^  then  the  force  which 
tends  to  incline  the  ship  is  always  in  this  line ;  consequently, 
^hfce  ihese  two  lines  cut  each  other  as.  at  O]  these  two  faxom 
^e  ia  eqmlibcittia  with  eaoh  other,  thai  the  ihip  ali«i4« 
mi  Its  keel  and  ^  balanced,  between  remaining  uprif^  mi 
inclining  on  either  side,  and  this  point  0  is  2,265  feet  below 
the  upper  water-line,  which  was  the  distance  to  be  fodnd. 

As  .the  value  of  a  +  A  in, the  equation  is  now  known ;  if  is 
taken  greater,  the  distances  in  and  Ip  are  greateir:  and  as  0  ii 
therefore  less,  Bh^tk^  and  Im,  are  abo  less,  hence  the  pbiiit  of 
intersection  0  comes  higher  than  before ;  and  conversely,  if  h 
is  taken  less,  a  is  jj^reater,  and  the  point  0  comes  lower  than  be- 
fore: it  is  therefore  found,  that  when  the  centre  of  gravity  of  the 
ship  is  higher,  it  does  not  allow  of  so  great  a  decrease  of  the  war 
before  it  incline^  as  when  the  centre  of  gravity  is  lower  down. 
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•  4(lf4  Bf  msU»  of  the  ei|iiatioii  JOT^^  »  a  s  Wh^  Hie 
MlwUonof  ifaft  oeiUte  oC  gfsriqr  of  tin  ship  at  to  height  can  he 

easily  found,  when  it  ie  pkMedin  a  dock,  in  ^e  following  manner  t 

When  a  ship  is  brought  into  dock,  its  water-line  is  marked 
by  nails  driven  in  at  the  extremities  and  at  the  sides  in  mid- 
ohi£S|  and  wheil  by  th^  lowering  of  the  water  in  the  deck  the 
ship  takes  a  very  small  inclination^  the  new  wateroliiie  ia 
marked  on  each  side  \\\  midships ;  now  when  the  distance 
between  these  mark.s  and  those  at  first  made  on  each  side  are 
measured,  added  together,  and  half  their  sum  is  taken,  the  dis- 
tance llUch  the  water's  surface  has  sunk  below  the  height  of 
Hie  w«tei4tne  when  the  ship  came  uito  dock  is  obtained^  and 
the  height  of  the  water's  snrfkce,  at  which  the  ship  began  to 
balance  between  standing  upright  and  inclininj^  to  one  side. 
'  Duri]i2;  tlie  observation  of  the  inclination  and  its  being 
ttiarkedi  the  pumping  is  suspended  for  a  few  minutes^  in  order 
to^ajyutit  the  eonvenient  height  of  the  water  by  letting  it  into 
or  out  of  the  dock.   When  the  experiment  is  made^  a  little 
water  is  let  into  the  dock^  that  the  ship  may  be  supported 
and  stand  upright. 

Jt  is  requisite  to  have  the  drawings  by  which  the  ship  was* 
baOt,  fci  this  ease^  aa  it  'was  before^  from  which  the  displace- 
ment and  length  may  be  known^^  wfdeh  are  necessary  to  the 
Solution  of  the  prol)lem.  ' 

^  The  method  of  hnding  the  situation  of  the  centre  of  gravity  as 
tO'lM^hl  from  the  observed  depressioti  of  the  water,  is  as  follows : 
Th^  ehi^  ttiAy  have  any  draught  of  water,  but  the  blocks 
inu^t  be  laid  tb  the  deefffitr  agreeing  with  the  dtWerence  of  the 
draught  of  water  of  the  ship.  If  it  is  completely  armed,  wholly 
or  partly  rigged,  with  or  without  masts,  with  more  or  Ichs 
billaat,  it  makes  no  dillerence  in  what  situation  the  ship  is, 
becanse  the  centre  which  h  found  is  the  common  centre  of 
gravity  of  the  ship  and 'every  thhig  connected  with  it.'  *  '  ' 

Tlie  equation  on  w  hich  the  solution  of  this  problem  depend?, 
is  "i>  —  ^  •  a  ^  hfV ;  and  as  a  =  the  distance  from  the 
met$eentra  tiw-eentire  of  gravity,  aad  h  ite,  the  distance  frdoi 
the  uadfr  side  of  lh«  keel*  to  Ilia  denftie  of  gravity,  are  not 
known,  but  the  sum  of  both  these  quantities  together)  wMcli 
i(      4i^(fu^  ftom  the  Ul^der  »ida  of  the  keel  to  the  meta- 
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Mtrti  can  be  foan^  from  the  dnnvinf  of  llie-ship ;  p«t  tfi«re« 

fore  the  distance  from  the  under  side  of  the  keel  to  the  meta- 
ceiitre  «s  and  Uie  distance  from  the  metacentre  to  the  cen- 
tre of  graiviiy      iff  then  hiM^  k-^»$  thus  "D^W  ^  te 


9  m      hmot  #  s       ;  abo  to  find     W,  and  D,  dmvr 

oil  the  sheer-draught  of  the  ahip  the  two  water-Iinet  parallel 
to  each  other,  the  one  the  watcr-hne  of  the  ship  when  it  cim\e 
Tito  docky  and  the  other  the  water-iioe  when  grounded  on  ih^ 
blocks  and  balaneed*   The  diaplacemcnt  ia  then  foiaaA  below 
the  upper  of  the  two  water-linei^  whiiah  i»  pnt  m  D,  and  the 
displacement  below  the  lower  water-line^  which  subtracted  from 
is  =  fF.    Find  the  centre  of  gravity  of  the  displacement 
below  the  lower  water-line,  and  the  value  of  f^j^dx  at  this 
water-line^  and  divide  this  quantity  by  its  displace^seat ;  tha 
quotient  is  ss  the  distanco  ^ro  the  centie  of  gmi^  of  tlie 
displacement  to  the  metacentre.  • 

The  distance  from  the  lower  side  of  the  keel  to  this  nieta* 
centre  is  then  =  ^  ;  thus  all  the  three  quantities  k^H^^  aod 
are  known^  and  thei  efore  4?  is  luiomi* 

To  give  another  example,  applied  to  a  less  depth,  a  sepafata 
drawing  should  be  made ;  it  may  therefore  be  supposed  that 
this  experiment  as  well  as  the  former  is  made  with  the  ship 
when  armed  ^  the  depression  of  the  water  on  the  sida  of  the 
ship  is  then  sb  2,265  leet  =  the  distanceo  below  the  upper 
ter-line,  agreeably  to  which  the  ticked  water-line^  f  is  dxwmu 

Take  2,265  feet,  and  apply  this  distance  from  tbe  vertical 
line  H I  —  B  ?  ,  from  >  draw  the  line  parallel  to  HI^  then 
^  is  the  metacentre  for  the  water-line  q  consequently  tba 
distance  Y^^f  sskzsi  28,7  fcet^  and  when  the  distaace  g$U  wj^ 
plied  on  the  scale  of  tbe  displaoementy  the  quantity  ^ia  fiHUid 
to  be  =  16965,8  cubic  feet,  and  as  the  whole  displacement  3 

96420  cubic  feet^  then  w  =  "^^^TJ^^^.^  5,05. « 

^  ^ ;  and  as  the  distanee  x  ^  it  si  7,28  feet,  then  7,28  — * 
5,05  =  2,23  feet,  which  is  the  distance  the  centre  of  gravity 
is  above  the  ^st  water-line* 

.  Sach  aa  asperiment  aair  cooVMntntly  4ia  -jaada^  In  a  dock 
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4vWab  in  MpCied  by  pumping,  but  tiot  in  a  dock  m  whteh  the 

•water  falls  and  rises  by  the  ebb  and  flow  of  the  tide. 

Thus  we  have  two  practical  methods  of  fiading  the  situation 
of  the  centre  of  gravity  of  a  ship :  and  it  may  be  seen  from 
what  hai  been  Mid  m  f  d2^3&»  and  43^  that  without  having 
ihis.oeiMTe  known,  it  k  ini|msib1e*to  conHruct  the  drawings  of 
ships  or  vessels  which  may  be  depended  on,  especially  of  those 
which  are  armed.  Consequently,  in  all  drawings,  especially 
those  of  ships  of  war  and  armed  vessels,  of  every  class,  the 
mtmtim*  of*  the  -eentie  of  gimvity  and  nntaeeniffo  ahonid  be 
ant  in.  order  to  enawe  their  aafely  by  a  initaUe  and^offi^ 
eient  rtaftiltty :  and  it  flhonld  not  hertfafbcr  be  allowed  to  build 
zhipB  and  vessels  by  guess,  or  witliuuc  having  their  stiibiiity 
.known*  .  *  ^ 

50.  A  fleet  must  necessarily  have  frigates,  not  onlv  tn  repeat 
«  signals,  but  also  to  obtain  intelligence. — A  nation  must  also 
have  frigalea  to  eonvoy  merchant  ships  during  war,  and  foir 
idd^  tecasioial'servie^^^  thus  their  number  and  magnttude 
^tenti^t  be  (iohstant. 

^'lieir  magnitude  is  cxproscd  iii  the  sLuiie  manner  for 
ships  of  the  line ;  namely,  by  the  number  of  guns.  The  largest 
dtt^P<fiity  frotn  44  to  40  guns^  some  fewer,  and  the  aMndlest 
ti#y^iif  '16f  'tO  14  guns.  Those  vessels  which  tatry  a  smaller 
liSiiib^tif  gtnis'b'ave  two  masts,  as  sn'd^  and  brigs.' 

''"'Frigates  have  ])roperly  not  more  than  one  battery. — On  this 
battery  the  larger  frigates  carry  guns  of  the  same  weight  of 
ttMUd  as  two-decked  ships  on  the  second  battery*  The  (Smallest 
ASMbBi  carry  12  and  8-pounders, 
SwSSfe*  lar£:^er  frigates  there  are  not  more  than      ^mns  on  a 
^^idc  Oil  the  battery,  '  the  rest  are  tarried  on  the  i^uarterdeck 

'  The  s;ime  ]n-inci[^lo  follo^pti  h^ro  as  for  ship^  of  thf^  line  ;  naiDPly- 
currviiig  lieavj  guuii.  A  Triv^utn  winch  ffirru's  thirt\-  lB-pounder8  on  tho  di'ck 
rcqiiir*'»  a  greater  Imti^jlIi  thuul  huvu  ^ivcji  to  tiie  tngute  of  fortv  funs.  \vln<  h 
can  11' s  twcatv  -i»ix  i-pouxiders  ;  the  effect  of  the  former  is  as  l.T.iii,  and  ul  ihe 
latter  as  13^4 ;  that  is,  as  L70  to  21'^  ;  and  wheu  the  man  at  the  guns  are  in- 
ttfiled»  it  ^riSit  Iw  IlKtid  tlist  ilie  frigat»  With  tmt^-siz  f4-po«iMtm  is  adn 
•Jki^^  j^jD^  mx^  powsifid  tiisa  Jjhat  with  iluny  li'jkoiaidtnu 
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Mid  fiiMaid^  or  oQ  a  whale  daoli  ulnch  ^dmM  lk^  immt^ 
deck  atid>  forecastle.    The  smaller  frigates  of  frooi  SD  to 

16  guns  carry  their  whole  force  on  the  same  deck. 

The  larger  frigates  carry  provUioos  for  as  long  a  time  as 
•bipa  of  the  Hnc^  hut  the  amaUer  for  m  ahotter  Uiac.  The 
larger  IHgatet  ahonld  hare  a.  higher  hattery  theo  ahipe  of  Una 
^Une,  iiot  e«1y  iof  fhle  reaaoii,*  thot  aa  frigates  huH  only  oaa 
battery,  they  may  be  hIjIc  to  xist  it  iii  a  liigh  4>ea— (When  a 
ship  of  thd  line  cannot  open  its  lower-deck  ports,  it  ean  always 
use  its  second  battery,  whi<^  ia  maah  higher >4haa>^<iigata'a 
hattery)— hat  alao  for  another  reason^  that  «i^^lhil6  aoMit 
alivmye  be  a  clear  ship,  the  whole  4if  the  crew  will  he  lodged  on 
the  orlop  deck,  consequently  all  the  provisions,  cables,  stores, 
&c.,  must  necessarily  be  placed  on  platforms  laid  in  the  hold-l 
thus  the  orlop  must  come  as  much  higher  as  is  necessary. 

Respecting  the  eatlsy  it  aiiay  W  coiicUlded  from  what  has 
heaa  said,  that  a  line  of  battle  ia  never  formed  of  frigatea  aa 
it  is  of  ships  of  the  line  ;  but  that  each  frigate  sails  as  well  aa 
ppssible  :  cunitquentl)  the  area  of  sail  of  each  ffigate  is  pro- 
portioned to  its  stability,  by  which  the  larger  frigates  sail  fasten 
than  the  smaller :  thus  their  eonatruction  ia  not  so  difficult  a^ 
^hat  tof  thipa  of  the  line,  all  of  which*  whether,  laffff  oir 
aoMdlery  ahonld,  with  the  same  sails  set,  sail  equally  well,  ^  « 

Fj;om  all  this  it  must  be  concluded,  that  it  is  easier  to  obtain 
a  number  of  the  best  irigates  than  of  ships  of  the  line,  because 
in  the  former  most  regard  is  ^aid  to  good  sailiiig  3  ihat  e?eiy 
frigate^  iqMsratefy  or  by  itselfi  ptcwa^sfs  the  be()t  yoaaible  <|ua« 
lities  'f  whereas  ships  of  the  line  muati  comiMiOii  jmith  alfciiif , 
possess  them,  so  that  one  ship  may  not  excel  anothe^in  sailfo^ 
well  and  in  stdbilitv. 

It  was  saidy  that  the  largest  class  of  frigates  carfy  ffW  44  to 
40guna;  hut  the  reason  that  thcMe  of  40  guna  are  iq  commonly 
used  must  be^  that  they  are  of  a  size  to  manoeuvre  more  readily,' 
and  at  the  same  time  carry  a  powerful  armament,  which  can  be 
worked  without  much  diiliculty,  and  are  adapted  for  all  seas, 
'  As  a  double  frigate  has  already  been  drawn  by  the  applica- 
tiop  of  the  relaxatioo-UnCi  three  other  frigaUs  wi(l  be  ccNir 
etmcted  hy  the  same  method,  whose  armament  will  ha  40$  32, 
and  20  gum.  The  ^ninelpal  eicmenla  required  fea^hapt  Ihraa 
frigates  arc  inserted  in  the  following  Tahle« 
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D«,l««.»t.^..,.........,..  

I^eiifft  orcoiifttra6^oift:Uiiei*5S30V^ 

IruTtaie  forward  ^«.,«,*^. . 

Iricrer<t(.  uliaft  ,,,, 

Whole  ieugth  oi  ik^  water-Ui^i^  = 

•  W,8394   f>  

"  great^t  breadth  at  the  water-line  »  if 

-L.  -hiu.i  

4imjiUJifi  ^  seclioa     ^  h  =  ®. 


re  tile  roidUle  of  the  cou- 1 


Centre  of  irrsvity  before  the  ro  i  dd  le  of  the  cou- 
sti^uctipu  wftterrliaei 

Depth  of  the  0  section  of  cnnitructioii  

l)*'ptU  of  the      qcrrion  to  tlio  krel . 

i^i«itance_bet\y<;en  the  fwo  ^  sections  ' .. . 

WmAc^^ ween  the  sectioos  ^baft  

9itl^ce::belw«eii  Ifae  ieciidfis  ftirwsta  .1111;.. 

.  iu  iktj^  iCCtiyw  wf  cyustruction  ^=  i^jSJ^  * 

«-    .      •      '  40,914 

b 

3,176 


40 


32 


M«. 


^  f?,  anrl  7r,  reprrsr-nt  the  «:nme  qijarititir'; 
as  iti  the  coQstructicm  of  the  0  section  oi  the 
shi£orttieUne. 


46480 

151,49 

1,27 
0,44 
153,20 

40,20 
11,154 

224,20 
3,225 


14,832 
15,26 
9,25-8 
/,63H 
6,585 

11,37 


3^8 
4,20 


P7932 

127,39 
1,07 
0,58 

|2y,Q4 

il7,<i8 
34,16 
♦  9,38 

*60,J|6 

2,712 

12,590 
12,91 
7,786 
(i,423 
5,537 

.9,7^ 
8,21 

I  ■ 

m 


20 


S|»462 

114.60 
0,96 

U6,10 
«il,97 
^0,92 
8,438 
1|  41 
2,440 

t 

11,  88 

n,7« 

7,00 
5,778 
4,982  ■ 

|2,8l 

I 
I 
J 

I 

,3,29 


T 


The  follov%'ing  Tables  give  the  uiiiiaatt!*  /*  of  the  Hrte  of 
{i|jgl|ion^,  and  thence  the  areas  of  the  sections.    Also  the  ordi-- 
\n$fif'^  ^'^,^^'9  '^l^^^^f^       ^9^      for&>bodyj|  but  tht  ordltiateB 
Ic  W  the'^?ibban4^)in<  for  the  ^er^body  iare  equal  to  the  prdi- 
nates  h  of  the  Hne  of  sections.    The  ordinate^  k  of*  thd  h*ne 
ot  sections  of  the  after-body  are  tiikrn  in  the  same  propor- 
tion toh  of  the  0  sectiou      the  ordinates  which  are  jtipund 
ia.  the  Table  No,  14^  Chap.  V.,  are  to  li  in  its  0  section* 
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i^kmmwi^    an  Jmenian  Ji^  d8? 

The  drawings  which  are  constructed  according  to  these  csd* 
culatioas  aw  found  in  Plates  XVIf»  XViif,  and  XIX.  £ioh 
frigate  has  two  plates  with  th§  aame  aanbcr.  -The  alMir- 
draughts  are  marked  Jiy  and  the  body-plans  B. 

The  measurements  are  then  taken  from  these  drawiiigs,  9nd 
their  results  inserted  in  the  following  Table. 

Tablh  No.  38. 


JXspiaiwmcot  «  D, 


CeDtreof  gravity  before  the  middlt  of  the  water* 
line  of  coastcuctiuu  ~  I  , 


} 


Ditto  befoienilMe^fwater-Uoe  - 

HalfHumi  of  upper  iMter*]iM  fF,i,.,  


465€1 

3,225 

25434 


/f  y*^x  •  t  

z)       ^  •  

Centre  of  gravity  of  displaeement  below  upper  "I 
Mrat«r-Un«  ,  J 


MttactiitM  above  «ilti4iBS. 


12,204 

5,481 

6,721 


27%t 

2,C75 

2,43 

1812, 


10,412 

4,  G39 

5,  m 


20463 
2,430 

2,26 

1471,0 
1930281 
9,433 

■ 

4,103 

i 

5,240 


(2)i  *i  mmtmiti  is  IA«  mtai  AMcr.) 


Awr.  XXXI.— DimainoM  of  an  American  Merehani'Ship^ 
mnd  (hlm^htHoks  of  the  American  36- Gun  Frigates,  Com- 
municated by  John  Lenthall,  Esq.^  Washington  City. 

(TV  the  MdHM-i  p/ikM  Papert  m  Naoal  ArchHUOurt,) 

CiNTUtHKif,  Washington  City,  March  SSth^  183 1  • 

Having  obtained  some  of  your  valuable  Papers  on  Nava! 
Architecture,  '  and  observing  that  mention  is  made  of  American 
nsfchant-ships^  I  have  taken  the  liberty  of  sending  the  dimen- 
sl»ns  of  a  ship  built  in  this  country,  which  sails  fast  and  is 
said  to  passesa  Atbar  good  q^tias^-r-Should  this  sabject  be 
fcsumed  in  any  of  jam  finufa  naaibefSy  the  necessary  calcn* 

lations  can  easily  be  made  from  this  draught. — 1  also  inclose 
some  calculations  I  have  made  on  one  of  the  d6-gun  ships  pf 

the  na?y  i  aod  should  thiooe  prove  acceptahl^  I  my  .aaatt 

cc2 
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•elf  of  another  opportunity  to  forward  fiome  more  extensive 
details  upon  the  sloops  of  24  guns.*   Veiy  respectfiiUy^ 
Ummu  V^lfbfsan  and  A*  Ctaan.  JoHM  LbmtHALL. 

JHmaukm    a  MmAmi-Bhip  hM  m  1824  (Packet  betweenr 
Philadelphia  and  New  Orleans),  vMk pmiieularifar/mmtif 

Length  between  perpendiculars^  103  feet— Beam  moulded, 
27  feet — Depth  to  upper  deck,  16  feet  6  inches — Height  be- 
twten  *  decks,  6  feet  6  inches—Depth  of  keel  and  false  keel, 
clear  of  bottom  plank,  15  inches,  or  1  foot  6  inches  below  base 
line — Draught  of  water  when  launched  (bowsprit  in) :  aft 
8  feet  3  inches,  and  forward  7  feet. 

Iron  fastening   •   •   •   .    12. 589  lbs* 
Copper  bolts  •   •   •   •   •  K783 
Composition*  »  »  •  »  2.550 

•  Total  weight  of  fiftstenhig  ^  .  16.922  lbs. 

*  A<  jo.  ft 

Deadwood  .....0  4 


Throats  of  floors  ••••  i  2 
Ceilliif plank...... d  3 

Hold  6c  height  betweea  decks  16  6 

Upper-deck  plank   0  3 

iVaist,  iududing  plauk  sheer  0  10 

19  4 

Deduct  spring  of  beam..  U  6 
Heiffkt  to  top  of  plank  sheer  18  10 


Height  of  lower  edge  of!  a 

wales  at  ^  J  *•  '  " 

Heightof  SwalfsstS^iDchM  4  3 

5strakesofbrichtwofkat4$  I  10| 

1  string   0  8| 

1  drift   0  5 

1  drill   0  8 

HnakslMer   0  S 

Heicbt  from  base  line  to  top  1 
ofplankslieer...;  


Timber  and  room,  2  feet— Rake  of  pos^  1  foci  6  mdMir- 
He^ht  of  cross  seam  up  perpendieuhur,  15  feet  61  inches- 
Distance  of  ©  from  fore  perpendicular,  4 1  feet — Distance  of 
S  from  fore  perpendicular,  3  feet — ^Distauce  of  30  from  after 
perpendicular,  2  feet. 

Height  of  first  diagonal  up  middle  line  of  body  plan     7  6^ 
Ditto     second  ditto  ditto  13  10§ 

Ditto     third  ditto  ditto  16  8 

Distance  of  first  diagonal  from  middle  line  on  base  Kiw  6 
Height  of  second  diagonal  up  side  line  of  body  plan      2  6| 
Ditto    third  ditto   .        ditto  9  5| 

^  We  shaU  be  happy  to  MceiTe  this;  and  shall  ba  ^  of  ahnilar  infinsslUHi 
ca  lhs  tlsmiBlii  sT  tay  iMher  ships  coaipgsiag  ths  Amsdoia  wtj^Zp^ 
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Jdimennons  of  an  American  Merchatit-Sk^* 

First  perpfndicular  section  from  middle  line,  2  feet  6  Inches 
— Second,  5  feet — liurtl^  7  feet  6  inches — Fourth,  10  feet. 

HeiglU  qf  FeirpmiUcular  Bections  above  Base  Line* 


MAI 

II. 

30 

• 

2« 

26 

.  24 

ft.  in. 
11.41 

ft.  iu. 
.    7.8|  . 

ft.  iu. 

ft,  in.  j 
3.11 

2^  ditto 

dttio 

12.  Hi 

9AI 

7.9i 

fl.3 

ditto 

13.9 

11.31 

9.5 

T'.IO 

4^  ditto 

1  " 

ditto      • . 

14. 8i 

12.11 

11.3  ^ 

&9( 

— 1  

CanitofFashion  piece  crosses  mlddleJine  of  Half  breadth  ( 
plan,  forward  of  after  perpendicular     <    .    •    .    •  > 

Ditto,  ditto,  after  perpendicular,  out  from  middle  ttbe    12  8 
Height  of  knuckle  of  counter  aBove  base  line  «   .   •     16  10 
Knuckle  abaft  perpendicular,  at  that  height   ♦   .   •       2  3 
Middle  line  of  Counter  abaft  perpcudicuiar,  at  under  1    «  ^ 
side  of  plank  sheer  j^^. 

Position  ef  the  MaaU»  ' 

Centre  of  fonl-maBt  abaft  fore  pei^endiculv^  at  under  )  ^^j^'"* 
side  of  plank  sheer   •   .       \    .  \   .    ,   .   .  >  ' 

Centre  of  matn-mast  .     .    ditto    .   .  ditto 

Centre  of  mizen-mast«  • 


59  0 
«5  » 


FalU 


ditto  .   »   dhtQ   •  .  . 

Shape  qf  Stem— Fore  side  qf  Mabbet 

\U  into  lower  edge  df  raUbet  of  keel    ioohes  below  )  ^ 
base  line)  abaft  frame  N-    .......   ^  ^  v  5 


4  6 
2  4i 


Aba{i  perpendicular  at  3  feet  above  base  liue  .  . 

Ditto    ...    6  feet  ditto 

Ditto     .        .    9  feet       ditto  .    ,    *  1  l' 

R^e8  above  base  line  on  frame  P  •       •  •   •   «   .  0  4| 

Ditto  .   •  ditto         R  ,  26^ 

Ditjto  .   •  ditto          S  ,  50 

Crosses  perpendicular  above  base  line  •  *      ,    ,  12  91" 

Falls  out  at  20  feet  above  base  line  15 

Fore  end  of  keel  abaft  peipepdieular    ^  ^  •  •  ^  ^  Q 


Digitized  by  Google 


ReiuUi  of  Calculaiions  on  m  Jmerkan  Frigute.  2^1 

Calculations  on  an  AmerieiM  Fiigaie^  qf  36  Guru, 
.  The  keel^  pos^  rudder,  steniy  and  cutwater,  are  not  included 
In  the  calculations,  which  are  to  the  outside  of  the  plank— by 
the  3rd  rule  of  Atwbod.    {Philosophical  Transactions.) — Port 
sill  6  feet  above  water-line. 

Diaplaoemeiit^  in  cubic  feet  •  72919*51 
Ditto  forward  of  8  •  27983. 17 
Ditto      abaft        e   44936.34 

Ditto       forward  of  centre  of  gravity  of  (lis-  1  oyo^f^  f^j 
placement  •    .    .  .    .    .J  * 

Ditto       abaft  ditto  ditto    .    .    35554. 54 

Ditto      above  a  horizontal  plane  throuKh  1  39159  7 

centre  of  gravity  of  displacement     •   •  J 
Ditto      below         ditto         ditto    .  .  33759.81 

iSide  of  cube  of  similar  content  vnth  circumscribing  1      50  42 
^  fiectangular  parallelopiped  ••••..•/ 

Ditto  ditto    with  displacement      .    .  •  41.77 

Displacement  in  proportion  to  a  circumscribing  1  MS8 
rectangular  paraiiciopiped  j  ^ 

CoefBcient  of  displacement  having  area  of  water-line    12. 1553 

Ditto'       ditto         ditto      midfthip  frame  119.005 

Centre  of  gravity  of  displacement  abaft  q)      .    .  15.5 

Ditto   ditto     forward  of  middle  of  length  of  w.-iiae  3. 0 

Ditto  .ditto    below water>line  •  7*089 

Ditto      of  solid  forward  of  89  forward  of  8  .  24«  48 

Ditto       ditto     abaft  0  —  abaft       ditto      .  *  40.25 

Ditto       of  solid  forward  of  centre  of  (::ravity  ofl  g 
displacement,  forward  of  thr  said  centre    .  ./ 

Ditto       ditto     nbafl  centre  of  gravity  of  dis- )      32  83 

plaoementy  abaft  ditto  ] 

_    -  •  .... 

*  The  principal  immuooM  of  the  flUp  aie  oiaittad  in  tbit  imoimt  of  llio 
•lementt  of  her  ODnitrafttioii ;  Itowevor*  it  irs  hmm  tbo  valoo  of  Ao  oaepoMftta 
of  <hs  Vao  of  sorttsMi  ledollfco  pim>  1imo»     to#  satiisd  Is  ds4aflo»  ly  wmum 

of  CbftpoiMi's  otpMMioM  fitt  theao  tUmmUi  whieh  woro  giroa  ia  Art.  X VIII 
Vol.  I  of  diio  work,  thil  tbo  length  of  fcor  cooetnictiou  water-lino  is  166.  S  feot» 
ofld that  kor  Imadth  otthe woter-line  is  41. 46  feet.  In  the  ■aine  ftfticle  we  see 
thelte  length  of  the  construction  wttor-line  of  bis  Mtjestj^s  ship  Endjnuon  is 
larlbet,  and  that  her  fottdib  ia  41. 9  feet.  About  8  inchea  must  be  deducted 
from  each  of  these  dimensions  in  the  American  ship,  to  compare  them  with  those 
of  the  Knch'mion,  as  the  Amencan  dimensions  are  calculated  to  tlio  (mtaide  of 

tko  piUai*  sod  ttiote  of  the  Sndjnuoa  onlj  to  the  outside  of  the  tijobeni. — £os. 
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392^   iUmarik9  m  the  Fmi^  jtdi^^Jbr  Fart  8^ 

Area  of  floating  line  *    aq.  ft*  599Ri  96 

Centre  of  gravitv  ol  lluating  line  abaft  centre  of  1      ft,  4  7 
gravity  oi  (iihplacement    .......  •/ 

Area  of  greatest  transverse  section,  or  0  .    .  sq.  ft.  612.74 

Centre  of  gravity  of      ditto      below  water-line     ft.  7*7 

Area  of  vertical  longitudinal  section  •   •   •   sq,  ft.  3122*86 

Height  of  metacentre  above  centre  of  gravity  of  Y  ^  lA  30 
displacement  .  •   .   ,   .    .3  ^"'^^ 

Height  of  metacentre,  for  pitching,  above  centre)  ^  g 

of  gravity  of  displacement 

Exponent  of  water-line  •  •    •    ••*    •    •  6.7328 

Bxponent  of  displacement  .1. 888 

Ditto        line  of  sections  2. 52225 

Ditto        midship  section  '   3.6135 

Solid  immersed  at  an  inclination  of  10?  feet  cube  5028. 59 


Art.  XXXIL— ^  Attempt  to  point  out  that  parikutar  Fonn 

f(yr  a  Ship  of  War  which  the  pi-esent  state  of  our  knoivledge 
of  the  Science  of  Naval  Archilecture  would  lead  us  to  adopt 
08  the  best  calculated  for  Fast  Sailing.  By  Mr.  W.  HsN- 
W00D9  of  his  Majesty's  Dock-yard,  Portsmouth. 

It  was  stated  in  a  former  paper  in  this  work,  that  "  we  are 
utterly  unable  to  prove  that  ,any  one  modification  of  the  form 
of  a  ship,  within  the  limits  usually  observed,  is  more  conducive 
to  velocity  than  another.''  Recent  eonsideration  of  this  observa- 
tion  has  induced  a  conclusion  that  some  light  may  notwithstand- 
ing be  thrown  on  the  diificulty  thus  declared  to  exist  in  Naval 
Science,  by  an  induction  from  the  knowledge  we  already  possess. 

The  true  method  of  computing  the  stabilt^  of  a  ship,  de- 
monstrated by  Atwood,  in  the  Philosophical  Transactions  for 
1798,  was  a  most  important  acquisition  to  Naval  Architecture. 
It  has  made  that  certain  whicli  belure  was  uncertain.  It  has 
placed  completely  within  our  grasp,  the  means  of  preventing 
such  mistakes  in  constructing  ships,  as  were  but  too  frequently 
iwromitted  during  the  last  century ;  and  no  uncertmnty  need 
now  be  felt  by  a  scientific  constructor,  whether  a  ship  will  have 
sufficient  stability.  The  utility  of  Atwood  s  method  is  not 
confined  to  the  circumstance  of  having  enabled  us  to  construct,. 


Digitized  by  Google 


JRmarh  on  the  Form  adapted  for  Fast  String,  393 

thipS'^with  a  proper  degree  of  stability.  It  will  appear^  from 
wliat  follows,  also  to  have  ltd,  in  some  instaiucs,  to  the  adop- 
tion of  that  particular  form,  or  at  least  an  approximation  to 
that  fonoy  for  the  bottom  of  a  ahipj  which  m  not  merely  th« 
best  adapted  for  stability^  but  which  the  present  state  of  our 
knowledge  seems  to  lead  us  to  believe,  is  of  all  forms  best  cal« 
culated  for  velocity.  If  this  point  can  be  clearly  established, 
it  must  be  admitted  to  be  of  considerable  consequence,  as  it 
will  sanction'  the  observance  of  a  uniform  and  systematic  mode 
of  construction  for  ships  of  war,  and  other  ships  built  for  fast 
sailing ;  and  it  will  discountenance  attempts  of  individuals, 
uniiiforuied  of  the  true  nature  and  difficulties  of  the  subject, 
to  palm  their  preconceived  and  ill-  founded  conceits,  or  as  it 
has  frequently  been  denominated,  their  observation  and  ex* 
perience/*  on  the  credulity  of  the  public* 

As  the  intelligent  writer  of  Art.  5,  Vol.  2,  of  this  work,  has 
made  a  comparison  of  Atwood's  method  of  computing  the 
stability  of  a  ship,  with  the  metacentric  method  of  Bouguer  ^ 
which  has  led  him  to  express  an  opinion  to  the  disparagement 
of  the  former;  it  is  proper  to  notice  the  oversight  through 
which  Mr.  Wilson  appears  to  have  been  led  to  entertain  a 
sentiment  at  variance  with  that  of  most  writers  on  the  subject. 
Mr.  Wilson  states,  that  he  and  a  gentleman  of  great  mathema- 
tical attainments,  undertook  the  task  of  finding  the  centres  of 
gravity  of  two  frigates,  having  the  same  elements,  but  very 
dissimilar  in  form ;  and  they  then  computed  the  stabilities  of 
these  frigates,  both  by  Aiwoocrs,  and  by  Bouj^uer's  method. 
At  12?  inclination,  it  was  found,  that  according  to  the  former 
method,  one  sliip  ^  had  more  stability  than  the  metacen- 
tric method  would  give,  and  the  other  ship  less  ;^making, 
between  the  two,  a  difference  of  ^^**    Mr.  Wilson  then  says, 

as  both  ships  must  have  the  same  total  displacement,  and  as 
the  above  diiference  arises  solely  from  the  ship  with  the  least 
calculated  stability,  having  a  smaller  portion  of  displacement 
near  the  water-line  than  the  other,  it  follows  that  she  must 
have  a  greater  portion  at  some  other  place,  which  place  will  be 
near  the  kccl.  This  will  cause  the  ballast  and  all  that  is  in  her 
hold  to  be  placed  lower,  which  will  lower  the  centre  of  gravity 
o£  the  ship  so-  much  that  it  will  dimmish  the  difference  above 
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given  almost  to  nothing/'  The  over&iglit  above  referred  to  is 
hi  this  last  sentence.  Mr.  Wilson  has  stated,  he  found  the 
eatact  centKs  of  gravity  "  of  the  frigateai^each  of  them  of  course 
with  the  haltast  and  all  that  is  in  her  hold/*  phteed  as  low 
as  possible.  How  the  ballast,  &c.  can  he  placed  lower  than  it 
"Was  hituaLed  when  the  posttioti  of  the  centre  of  gnivity  of  the 
frigate  in  question  was  calculated,  Mr.  Wilson  doubtless  will 
not  try  to  explain.  Atwood's,  which  is  demonstrably  the  cor- 
rect method  of  computing  stability,  is  ahown,  by  Mr.  Wilson's 
comparison,  to  be  infinitely  more  Taluable  than  the  obsolete 
and  fallacious  method  of  BouG:iicr  by  the  inetacentre. 

Atwood  s  method  has  proved  iucontrovertibly,  that  the  most 
easy  and  advantageous  way  of  obtaining  stability,  is  by  a  large 
area  of  floatation,  and  great  fulness  between  wind  and  water  | 
or,  which  is  the  same  thing,  by  keeping  the  centre  of  gravity 
of  the  ilisplacement  at  as  short  a  distance  as  possible  below 
the  water's  surface.  The  old  notion,  long  entertained  by  con- 
Btnictora  of  ahips,  that  a  flat  floor  gives  stability^  led  them  of 
course  to  increase  the  breadth  of  ships  as  mueh  as  possible  af 
the  floor  3  or  at  the  greatest  depth  below  the  surface  of  the 
water.  In  conforiuiu  with  Atwood's  demonstration,  ships  are, 
or  ought  to  be,  for  the  sake  of  stability,  made  as  broad  as  poa^ 
sible  at  and  near  the  water's  surface ;  and  they  must  conae- 
quently  be  made  less  broad  at  the  floor ^supposing  tlie  depth 
of  tlie  floor,  or  that  of  the  keel,  to  remain  unaltered.  It  will 
now  be  cndeavourtci  to  adduce  as  .strict  and  satisfactory  a  proof 
as  the  nature  of  the  subject  admits,  that  in  whatever  manner  the 
water  around  a  ship  in  motion  Is  driven  ahead,  dispersed  latere 
ally,  or  made  to  pass  towards  the  stem^  a  great  breadth  at  the 
depth  of  the  floor  is  calculated  to  retard  the  motion  of  a  ship  more 
than  an  increase  of  breadth  ataad  just  below  the  water's  surface. 

When  a  ship  is  sailing,  she  causes  an  elevation  of  the  sur^Ke 
of  the  water  at  the  fbre  part,  which  must  extend  to  a  greater 
or  less  distance  all  round  the  bows  in  proportion  to  the  qnan* 
tlty  of  fluid  raised  above  the  natural  level  of  the  sea.  If  a  ship, 
150  feet  long,  is  moving  at  the  rate  of  10  knots,  or  about  15 
feet  a  second,  she  passes  over  a  space  equal  to  half  her  length, 
and  displaces  a  body  of  water  equal  to  half  her  dispkeemcnc 
in  Are  seconds :  sndi  a  body  of  water^  displaced  by  dia  lore 
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part  of  a  ship  in  so  short  a  time,  must  cause  a  very  considera- 
ble body  of  water  ta  be  maintftioed  above  its  natoral  level  round 
the  Ibre  part  of  the  sfaif>. 

Neither  the  actual  height  nor  the  extent  of  this  elevation  of 
the  water  can  of  course  he  ascertained.  Chapman  has  very 
absurdly  supposed  that  '  unless  the  ship  sails  in  smooth  water, 
tht  elevation 'Or  depression  (at  the  stern)  of  the  iinid  wiU  be 
rMueed  to  nothings,  or  t<r  very  little  and  be  has  a<»;ordingly 
assumed  the  elevation  of  the  water  forward  to  he  only  six  inches, 
when  the  velocity  of  the  ship  is  20  feet  a  second.  Chapman 
ought  rather  to  have  said,  that  when  there  is  much  sea,  it  is 
iiif)Missible  to  ohserve  the  height  of  the  elevation  of  the  water. ' 
RoUson  states  in  hiis  "  Mechanical  Philosophy/'  he  has  often 
looked  into  the  water  from  the  poop  of  a  second-rate  man-of- 
war  when  she  was  sailing  1 1  miles  an  hour,  which  is  a  velocity 
of  16  feet  per  second  uearly,  and  he  not  only  observed  that  the 
back  of  the  rudder  was  naked  for  about  two  ijeet  below  the 
wMr^tne,  buS  also  that  the  trough  or  walie  made  by  the  ship 
was  filled  up  with  water  which  was  broken  and  foaming  to  a  con- 
siderable depth,  and  to  a  considerable  distance  from  the  vessel/* 

The  direct  resistance  of  the  water  against  a  ship,  would  of 
itself  tend  to  electa  the  bow  and  to  depress  the  stem  i  and 
the  inerease  of  buoyancy  arising  from  the  elevation  of  the  fluid  * 
forward,  and  the  diminution  of  buoyancy  arisint^:  from  the 
depression  of  the  water  abaft,  must  Tiave  the  same  tendency. 
And  thus  it  must  happen,  that  in  proportion  as  the  level  of  the 
sea, round  ir  ship  in  motion  is  changed  ftoiA  its  natuml  coin-  ' 
cidence  with  the  hortsoni  in  the  eame,  or  in  probably  a  greater 
degree,  will  that  section  of  a  ship' which  is  ciilkd  tlie  load- 
water  section  in  her  quiescent  position  in  still  water,  become 
inclined  to  the  horizon.    The  perpendicular  height  of  the  ele«* ' 
vetabn  of  the  water  at  the  head  of  a  ship,  and  the  perpendicular 
depth  of  the  depression  at  the  stern,  are  therefore,  in  alt  pre*  ' 
bability,  mucK  greater  than  from  mere  observation  we  are  apt 
to  suppose  ;  and  accordingly,  thff  quantity  of  fluid  actually  ele- 
vated above  the  natural  level  forward,  as  well  aa  the  depression 
ab«ft»  must  als«,  it  is  highly  probable,  he  much  greater  than  has 
ustnlfy  been  eensideiedi 

Aga4a|  as  the  only  force  which  cap  or  which  dues  act  to 
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cause  the  water  elevated  rouad  the  bow  to  move  towards  the 
stem,  is  that  which  arises  from  the  diflference  of  the  heights  at 
which  the  surface  of  the  sea  stands,  afore  and  abaft  the  mid« 
ship-part  the  ship,  duiing  the  motion;  and  as  it  is  certain  a 
qufnitity  of  water  ecjiiai,  or  nearly  so,  to  half  the  displacement, 
must  be  driven  ahead  of  the  ship  in  so  small  a  j>€riod  of  time 
as  five  seconds  ;  and  as  from  the  commonly-obswed  length  of 
a  ship's  tvake,  the  time  required  for  the  restoration  of  the  leiei  • 
of  the  sea  abaft  a  ship  is  so  great ;  it  is  considered  we  are 
justified  in  concluding  that  the  level  of  the  sea  is  raised  to  a 
very  considerable  distance  round  the  fore  part  of  a  ship,  and 
that  a  very  large  body  of  water  must,  as  long  as  so  rapid  a  mo- 
don  of  the  ship  continues,  be  kept  elevated  round  the  how 
above  the  natural  level  of  the  sea.  The  resistance  on  the  fore 
part  of  a  ship,  sailine^  at  the  rate  of  ten  knots,  may,  in  fact,  be 
considered  as  tlie  effort  (if  the  term  may  be  allowed)  of  the 
ship  to  remove  a  body  of  water  nearly  equal  to  half  the  die- 
placement  in  five  seconds )  which  body  of  water,  or  the  greater 
part  of  it,  must  be  raised  above  the  natural  level  of  the  sea 
before  it  can  find  a  way  of  escape  into  the  wake  of  the  vessel. 
Now,  as  the  pressure  of  a  fluid  on  any  particle  or  point  of  a 
surface  immersed  in  it,  is  always  in  proportion  to  the  perpendi- 
cular depth  below  the  surface,  it  appears  to  follow,  that  in  pro- 
portion as  the  elevation  of  the  water  round  the  fore  part  of  a 
ship  above  its  natural  level,  is  cansed  by  a  displacement  more  of 
the  upper  than  of  tiie  deeper  water, — as  must  be  the  case  when  a 
ship  has  a  comparatively  large  area  of  floatation,  and  great  iul* 
ness  between  wind  and  water  ;*--the  ship  will  meet  with  proper* 
tionately  less  resistance  than  if  her  form  were  of  the  of)posiie 
charaeter,  viz.  a  small  area  of  floatation,  and  a  very  full  and 
flat  floor. 

As  this  reasonmg  and  conclusion  will  not  perhaps  be  regavded 
as  a  full  investigation  and  convincing  proof  of  the  point  pnn 

posed  for  consideration,  it  is  proper  to  examine  a  little  mi- 
nutely the  question,  whether  we  have  good  reason  to  admit 
as  a  principle  in  tlie  resistance  of  fluids,  that  the  resistance  is 
greater  at  greater  depths.  This  Dr.  Robison,  in  his  Mecha- 
nical Philosophy,  vol*  2  p.  293,  states,  is  a  ^  point  still  much 
contested  y "  and,  he  says,     it  is  a  received  opinion  by  msny 
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tlOt  accustomed  to  mathematical  researches,  that  the  resistance 
is  jsrreater  in  greater  depths."  That  this  should  be  the  received 
opinion  of  such  only  as  we  not  accustomed  to  mathematical 
rewardies^  ivould  appear  to  imply  that  mathematicians  la 
general  rest  their  opinions  respecting  such  a  question  on  the 
hypothetical  assumptions  adopted  as  the  fo\Jiidatioii  of  their 
investigatioiu  Mathematicians  however,  it  is  supposed,  would 
not  be  Hilling  for  a  moment  to  admit  that  such  is  the  case* 
The  hypotheses  adopted  by  SirLNewton^  and  others,  coneera*- 
ing  the  nature  of  fluids,  or  the  action  of  their  partides,  are 
altogether  a  different  thin^  from  the  mathematical  reasoning' 
built  upon  such  hypotheses.  The  latter  is  unimpeachable* 
^Elie  former,  however  agreeable  |hey  may  q>pear  to  he  with  the 
observed  phenomena  of  nature,  are  always  liable  to  be  rejected 
as  absurd  by  a  new  discovery  which  may  be  made  of  thdr  dis*^ 
agreement  with  well-ascertained  facts. 

It  is  accordingly  asserted  by  Dr.  Robison,  in  the  same  voU 
page  342,  that  a  plane  of  2  feet  wide  and  1  foot  deep^ 
vrfaen  it  is  not  completely  immersed,  will  be  more  resisted  than 
8  plane  2  feet  deep  and  1  foot  wide ;  for  there  will  be  an 
accumulation  against  both ;  and  even  if  these  were  equal  in 
height,  the  additional  'surface  will  be  greatest  in  the  widest 
body;  and  the  elevation  will  be  greater,  because  the  lateral 
escape  will  be  more  difficult/' 

With  respect  to  the  reasons  Di .  Robison  has  assigned  why 
the  height  of  the  elevation  of  the  fluid  would  be  greater  before 
the  broad  surface  than  before  the  deep  one,  that  the  lateral 
escape  would  be  more  difficult;''  it  seems  to  have  been  over* 
looked  that  the  circumstance  of  the  water  rising  against  the 
anterior  surfaces  of  tlie  planes,  above  the  height  at  which  it 
stands  or  follows  against  their  posterior  surfaces,  must  cause 
part  of  the  fluid  to  escape  underneath  the  planes ;  and  it  ccr* 
tainly  ivould  escape  much  more  easily  underneath  the  broad 
plane  than  underneath  the  deep  one ;  as  may  be  shown  thus  » 
Let  the  elevation  before  each  plane  be  1  inch,  and  the  depres- 
sion behind  1  inch.  Tlie  escape  of  the  water  under  the  broad 
plane  will  be  caused  by  the  pressure  of  13  inches  depth  of 
water  acting  against  1 1  mches  :  and  that  under  the  deep  one 
win  he  produced*  by  the  pressure  of  25  inches  acting  against 
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2^  inches.  This  result  would  he  similar  whatever  be  the  height 
of  the  elevation.  It  also  appears  Dr.  RobisoQ  has  merely 
liM«rt«d  llitt  the  fluid  accqomUled  before  the  bmid  watfM 
miiU  be  greater  in  qyentity  tben  thet  before  the  ifeep  onei 
whereas  it  is  absolutely  impossiUc  we  can  kaow  whether  It  is 
greater  or  not.  We  know  the  same  ciuaiitity  of  fluid  must  be 
displaced  aod  driven  forward  by  equal  surfaces^  whether  broad 
gr  deep,  movliig  with  equal  vfloeitieai  and  the  eievelim  of  the 
water  must  depend  on  the  qmrntUif  diipleeed  and  driveii'idiettd. 
]t  therefore  appears  the  reasons  Dr»  RobtBon  has  given  for  the 
truth  of  his  asseitiori  respecting  the  resistances  oo  tho^  planei^ 
|ure  unsatisfactory.  .  •  ^ 

It  m  well  koown^  as  has  been  statedf  that  the-  preasoie 
sustained  by  any  parttde  of  a  fluid,  or  any  point  oC  a  evrtee 
immersed  in  tt,  is  always  in  proportion  to  the  perpendicular 
depth  below  the  surface.  This  is  proved  by  the  experiment  of 
making  holes  at  different  heights  in  the  side  of  a  vessel  filled 
mth  water,  so  that  the  fluid  niay  apout  peipendieuiarly  upward* 
It  is  found  that  Wherever  an  orifice  is  made,  the  water  riM 
nearly  to  the  same  height  as  the  surface  in  the  vessel ;  the 
defect  of  heiglit  being:  no  more  thaii  what  must  be  occasioned 
by  the  friction  at  the  ori^ce,  the  resistance  of  the  air,  and  the 
effis^  of  gravity  on  the  ascending  cohnmu  The  same  ia  also  mani* 
lest  from  several  other  experiments  wfaiefa  might  be  mentioned* 

To  compare  the  pressures  on  two  planes  not  completely 
immersed,  but  each  having  an  area  of  2  feet  superficial  under 
the  water  I'^the  immersed  part  of  one  being  2  feet  broad  and 
I  foot  deep,  and  that  of  the  other  being  2  foet  deep  and 
I  foot  broad  ;«-*we  mm%  as  Dr.  Robiaon  mentions,  tabe-  into 
the  account  the  pressure  of  the  atmosphere.  The  weight  or 
pressure  of  the  asmosphere  on  an  area  of  2  feet,  is  about 
4l50lba.|  the  pressure  of  the  water  on  the  broad  plane  ia  about 
Mlbs,,  and  on  the  deep  one  l28lbB.  The  absolu^  piesaurea  oil 
these  two  planes  will  therefore  be  about  42141b8.  and  427Blbe, 
This  is  merely  to  show  the  actual  difference  of  the  pressures. 
Suppose  these  vertical  planes  to  be  moved  horizontally  in  the 
watsf,  so  as  to  cause  an  elevation  of  the  water  bef<M^y  and  a 
depression  behin4  them.  Hie  presanies  on  each^  which,  whim 
Uie  planes  vera  al  rest,  wera  eqnel  on  both  Adieeof  eaehpIiM^ 
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pressure  on  the  anterior  surfaces,  and  a  diminution  of  pressure 
on  th^  posterior.  The  whole  ot  the  water  pressing  against 
tl|w  ant^ior  avrfocei^.mnst  escape  over  the  bordefs  |  and  aa-ito 
baa  bet n  shown  thai  pari;  of  it  would  mape  under  the  plMiet^ 
and  more  underneath  ihe  broader  plane  than  underneath  the 
deeper; — and  as  the  mean  depth  of  the  border  multiplied  by 
its  lengthy  v/hiah  may  he  taken  as  a  sufiicientiy  correct  measure 
of  the  difficulty  of  eacape  of  the  fluid  round  wh,  ia  about 
twice  at  great  in  the  deep  plane  as  in  the  broad  one  jr-theie 
appears  no  reason  to  conclude^  that  the  fhiid  would  escape  with 
more  facility  round  the  border  of  the  deeper  plane  than  round 
that  ot  the  broader  one  I  but  rather  .the  reverse.  And  as  we 
luiow  the  abiolute  pmture  ia  greaieit  against  the  deepeat  «iir* 
lace  wh^n  at  rest;  and  omat  certainly  be  ao  also  at  the.  first 
instant^  and  every  succeeding  instant  of  the  motion ;  we  have 
.  reason  to  conclude,  in  opposition  to  Dr.  Robisoii'js  assertion^ 
th^t  the  re«Utani:«,^whioh.ia  to  be  viewed  as  tlie  effect  of  in* 
croaaed  preaanie  egainat  the  planesi  more  than  as  the  effect  of 
iojiiwlae^-- *mttat  be  greater  agaimt  the  deep  surface  than  against, 
the  broad  one. 

The  result  of  this  exauiiiuition  of  the  question  concerning 
'  the  greater  resistance  at  greater  depths,  will,  it  is  supposed^  be 
considered  a  aufficient  warrant  to  conclude,  that  a  great  breadth, 
at  the  depth  of  the  floor  of  a  ship^ — ^if  the  resistenee  depends 
at  all,  as  without  doubt  it  must,  upon  the  form  of  the  midship 
section, — is  caici^lated  to  retard  tlie  motion  of  a  ship  more  than 
an  increase  of  breadth  at  and  just  below  the  water's  surface* 
This  cooclasion,  howcFeri  respecting  the  eomparal^Te  d^;ree  of 
resistance  which  would  be  produced  hy  thc'  two  distinct  forms 
of  bhips  above  described,  may  be  strengthened  by  a  deduction 
from  a  well>known  experiment. 

It  is  related  in  page  257  vol*  1  qf  this  work)  to  which  the- 
veeder  is  referred  for  the  more  particular  account^  that  M. 
Romme  had  two  bodies  made,  the  one  an  exact  model  of 
riUustre,  a  French  seventy-four,  on  a  scale  of  an  inch  to  a 
foot,  making  the  length  of  the  model  about  fourteen  feety  and 
ita  hreadth  three  feet  eight  inches;  the  other  model  had  the 

anpn  midalMP  mUm,  Uie  aiima  l«qcttii  atenii  und  stem-post,; 
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with  the  fore  and  after  parts  formed  by  straip^ht  lines  drawn 
from  the  midship  section  to  the  stem  and  stern-post.'* 

The  commutioners  MM.  ie  Chevalier  de  Borda,  de  Bory,  and 
TAbbe  BcMsat^  who  examined  the  aecoant  of  the  experinents 
of  M.  Romme^  and  made  a  report  on  them  to  the  Frenek 
Academy,"  stated,  that  M.  Rom  me  had  compared  the  resist- 
ances on  these  two  models  at  different  draughts  of  water^  re- 
Ideating  each  experiment  many  times,  and  takii^  a  mean  re^ 
salt  for  the  sale  of  precision.  The  result  of  these  experimenta 
was,  that  the  two  models,  at  equal  draughts  of  water,  antf 
mored  by  the  same  weights,  always  met  with  the  same  resist- 
ance. M,  Romme  also,  having  cut  the  models  in  two  equal 
parts,  and  having  joined  the  fore  end  of  the  first  with  the 
tad  of  the  second,  and  the  lore  end  of  the  second  with  the  after 
end  of  the  first,  found  the  two  bodies  always  passed  over  the 
same  space  in  the  same  time,  whether  they  were  moved  by  the 
stem  or  by  tlie  stem-post.  The  Commissioners  also  stated,  as 
the  result  of  their  examination,  after  they  had  duly  weighed  M 
they  considered  could  be  advanced  In  opposition  to  the  conclu*' 
slons  of  M.  Romme,  that  "  at  least  it  is  very  probable  the  fore 
bodies  of  ships  may  vary  considerably,  the  ruidship  section  re- 
maining always  the  same,  without  the  resistance  being  sensibly 
altered."  This  conclusion,  if  just,  shows  that  the  direct  resistance 
Of  a  ship  depends  principally  on  the  form  of  the  midship  section.' 

One  of  the  objections  which  these  Commissioners  mentioned, 
and  which  they  considered  as  "  the  most  important,  is  the  ap- 
parent disagreement  between  the  results  of  these  experiments, 
and  the  effect  produced  on  ships  at  sea  in  their  velocity,  by 
leasing  or  diminishing  the  difference  of  their  draught  of  wate^ 
foi  vvaid  and  alinft."  .        <   ...  • 

Now,  it  is  thought  the  only  philosophical  way  of  disproving 
the  truth  of  Romme*s  conclusions,  is  by  making  similar,  and, 
if  possible,  more  accurate  experiments  on  equally  large  and 
similar  bodies.  The  writer  is  not  aware  that  this  has  been 
done,  and  is  therefore  disposed  to  rct^ai  d  Romme conclusions 
as  highly  important.  And  with  respect  to  the  above  objection 
of  the  three  Commissioners,  it  is  to  be  remembered,  the  good 
etfect  someUmes  pro<tuced  on  ships  at  sea  in  their  velocatiesy 
by  increasing  or  diminishiag  th^  diffefeno?  of  their.draughts  oT 

> 
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ivater  fonvard  and  abaft,  does  no^  in  all  probaiuU^^  me  from 
aeiiuU  dimmutioD  of  the  reaistance}  but  father  front  an  ameli- 
oration of  some  bad  quality  of  the  ship,  as  deep  pitching  or 

'scending,  which  must  always  greatly  retard  the  motion;-  oi*, 
from  a  beneficial  change  iu  the  positiou  of  the  mean  direction 
of  the  resistance  in  relation  to  the  position  of  the  centre  of 
effort  of  the  satis.  There  is  every  reason  to  believe  a  ship  is 
often  thus  improved  in  sailing  without  having  the  resistance  of 
the  water  diminished.  The  result  of  Romme's  experiments, 
that  the  two  models,  having  the  same  draught  of  wat^r^  and 
moved  by  the  same  weights,  always  experienced  the  same  re* 
aistanee,"  is  not  affected  by  the  objections  offisred  by  the  thieo 
Commissioners* 

If  we  take  two  midship  sections,  equal  in  area,  one  with 
a  rising,  and  the  other  a  flat  floor,  and  suppose  them  to .  be 
immersed  vertically  in  water,  and  then  to  be  moved  with  equal 
velocities ;  the  resistance  on  the  former  would,  in  accordance 
with  the  foregoing  reasoning,  be  certainly  less  than  that  of  the 
latter «  According:  to  the  conclusion  of  the  three  Commiijsion- 
ers,  there  may  be  a  considerable  diHerence  in  the  forms  of  the 
£ore  bodies  of  ships,  whose  midship  sections  are  similar  and 
equal,  without  the  resistance  being  sensibly  different:  and  if 
this  is  the  case,  we  should  be  ready  to  suppose  there  might 
also  be  a  dissimilarity  in  the  after  bodies  of  siiips,  without  the 
resistance  being  perceptibly  unequal.  This  is,  in  effect,  what 
Romme  has  conoluded,^that  with  the  same  midship  sectioiv 
and  same  length  of  ship,  the  direct  resistance  would  be  the 
aame,  whatever  form  was  given  to  the  fore  and  after  bodies. 
And  if  this  is  the  fact,  it  necessarily  follows  the  direct  resistance 
of  a  ship  with  a  rising  tioor,  would  be  less  than  that  of  another 
ahip  with  a  flat  floor;  the  areas  of  their  midship  sections, 
draught  of  water,  displacement,  and  other  elements,  being  alike 
precisely  in  both* 

That  particular  form  therefore,  for  a  fast-sailing  ship,  whicii 
the  present  state  of  our  knowledge  would  lead  us  to  adopt  as 
the  best  calculated  for  fast  sailmg,  is  that  lyhich  is  determined 
by  making  as  large  an  area  of  floatation,  and  as  much  rise  of 
floor,  as  can  be  admitted ;  or,  in  a  word,  it  is  that  form  in 
which  the  centre  of  gravity  of  displacement  m.  at  the  Ita^t 

VOL.  UI«  '  J>  i> 
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iMMlbte  cHitaiiee  behMr  the  water's  surface*  If  this  poodoii 
camiot  hhfy  be  sluMvn  to  be  untenabley  it  will^  as  has  been 

mentioned,  sanction  the  observance  of  a  uniform  and  systematic 
mode  of  construction  for  sliips  of  war.  A  brief  reference  to 
matter  of  fact  will  conclude  this  subject. 
'  The  writer  waa  at  sea  in  the  Champion,  daring  the  three 
expertmental  emises  of  that  ship  with  the  Orestes  and  Pyladea* 
He  has  no  hesitation  whatever  in  declaring  that  the  Orestes  was 
tbe  fastest-sailing  vessel  of  the  three  ;  and  this  is  now  probably 
the  general  conviction  respecting  those  ships*  Even  those  who 
may  consider  one  of  the  others  to  haf  e  been  a  more  weatherly^ 
ship,  will,  it  is  supposed,  allow,  that  In  sailing  free  the  Orestes 
in  general  sailed  the  fastest.  The  displacement  of  tlie  Orestes 
was  less  than  that  of  the  Champion,  and  more  than  that  of 
the  Pylades.  If  the  resistance  were  equal  at  all  depths,  and 
the  forms  of  the  fore  and  after  bodies  of  ships  also  a  matter  of 
indiAience,  the  least  body  wonld  have  met  with  the  least  direct 
resistance.  A  small  inequality  which  there  might  have  been 
in  the  quantity  of  sail  spread  in  these  ships,  when  they  were 
crowded  with  sail  before  the  wind,  is  a  circumstance  which 
eottld  not  sensibly  have  afiected  their  velocities.  The  fsstsr 
sailing  of  the  Orestes  therefore  must,  ft  is  consiilered,  have 
been  the  result  of  other  circumstances.  So  far  as  the  resistance 
depends  on  the  form  of  the  midship  section,  tliat  of  the  Orestes, 
Which  has  its  centre  of  gravity  at  the  least  depth  below  the 
water,  wonld  cause  the  direct  resistance  of  the  Orestes  to  be 
less  than  that  of  the  others.  But,  in  no  respect,  is  there  so 
palpable  a  distinction  between  the  three  vessels,  as  in  the  dis-' 
tances  at  which  their  centres  of  gravity  of  displacements  are 
situated  below  the  surface  of  the  water ;  that  of  the  Orestes 
being,  aa  is  stated  on  page  71  vol.  1  of  this  wotk^  at  m«eh 
the  least  depth  below  the  load-water  section.  '    »u*  ii; 

The  draughts  of  those  small  vessels  of  war  which  have  recently 
been  produced  by  Professor  Inman,  would,  it  is  believed,  if 
compaittd  with  draughts  of  other  similar  ships,  be  found  to 
possess  the  same  characteristic  peculiarity- of  form;  though 
it  Is  by  no  means  eertaiu  they  possess  this  distinction  in  ihi 
highest  degree.  ' 
'   A  declsioo  of  the  q^ion  of  a  gicaier  resistance  at  greater 
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deptha,  is  of  eiceee^g  importiite^  In  the  comtrae^  of  ^ 
larger  classes  of  ships  of  war.  At  the  depth  of  the  floor  of  such 

ships,  the  pressure  of  the  water  is  verv  much  greater  than  just 
below  the  surface ; — in  the  proportion  nearly  of  hve  to  three. 
And  as  almost  all  of  our  larger  ships  have  yery  flat  floors,  their 
resistAnee  to  motion  In  the  water  muse  be  greater  than  It  wonld 
be  If  they 'had  been  constructed  with  a  rise  of  floor.  * 

The  Caledonia,*  and  someotlicr  sliips  in  our  navy,  have  been 
spoken  of  as  ships,  "  which,  for  beauty,  strength,  stability, 
qvieli  sailing,  &c.,  haif«  probably  not  their  equals  in  theworid.'^ 
Hie  Ibrms  of  the  bottoms  of  those  ships  however  are  of  that 
deserfption  which  it  has  been  shown  is  not  the  best  calenlated 
for  vclncity.  Those  ships  were  undoiibtedlv  the  best  which 
could  be  constructed  at  the  period  they  were  produced.  A  iiat<- 
floored  ship,  it  was  then  supposed,  not  only  by  the  English,  but 
by  the  Braeb^better-qnalified  French  constructor,  tvonld  give 
great  stability.  '  And  perhaps  it  was  also  generally  endeavoilted 
to  give  a  ship  a  full  round  bow,  to  meet  ahead  sea;''  and  a 
form  which  would  let  the  water  she  displaces  pass  freely  aft, 
as  nature  has  provided  in  the  shape  of  fish  and  water-fowl ; " 
and  which  would  also^  not  be  immersed  too  deep  in  the  water/' 
,  Constructors  formerly,  and  many  persons  now,  who  are  equally 
well  satisfied  wlih  the  ir  own  favourite  opinions  concerning  ships' 
hulls,  never  agree  in  dehuing  what  is  **  a  full  round  bow/'— 
what  is  a  form-  which  would  let  the  water  pass  freely  aft,"  if 
it  does  pass  aft;*-^ttd,  what  is  too  deep/'  A  great  many 
persons  have  made  melancholy  mistakes  in  not  giving  enough 
displacement,  so  that  ships  when  built  have  been  immersed 
"  too  deep"  in  the  water  j— much  deeper  than  their  constructors 
were  of  ^  oj^nion  ''  they  would  be.  The  fact  is,  ^  opinion 
ahonld  be  allowed  to  have  nothing  whatever  to  do  with  the 
matter.  The  displacement  of  a  sfiip,  the  centres  of  gravity, 
the  positions  of  the  masts,  the  stabilitv,  and  everv  other  ele- 
ment in  the  construction,  can  be  accurately  determined,  and 
adjusted  with  certainty  of  good  effect ;  and  if  what  has  been 
advtanced  in  this  paper  cannot  be  faMy  and  fully  confuted,  that 
form  may  also  be  given  to  a  ship  which  will  certainly  meet  with 
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tbe  least  resistance  from  tiie  water,  and  at  the  same  time  ensure 
the  requisite  degree  of  stability. 

It  appears  to  be  universally  admitted,  that  dunng  the  late 

war,  our  enemies'  ships  did  in  general  beat  ours  on  most  points 
of  sailing.  We  have,  however,  every  reason  to  believe  that  our 
ships  were  equally  well,  if  not  much  better  managed  or  sailed 
than  those  of  our  enemies,  it  is  also  well  known  that  tbe 
French  as  well  as  others  did  then^  possess  much  more  know* 
ledge  of  the  theoretic  principles  of  naval  architecture  than  we 
did.  To  what  therefore  can  the  supeiiurity  oH  their  ships  be 
ascribed  but  to  this  circumstance  ?  Can  it  be  desirable  that 
we  sboold  continue  to  go  on  in  the  old  way  of  building  ships 
according  to  the  inexplicable  dogmas  of — what  has  been  ab* 
suidlv  j<upposed  a  very  valuable  acquisition^ — '  observation  and 
experience '  without  scientihc  knowledge,  whilst  we  have  tbe 
means  and  opportunity  of  removing  a  reproach  so  discreditable 
to  us  as  the  first  maritime  nation  of  the  worid^— of  being 
merely  nnstteceBsful  imitators  of  French  ships,  or  ^  rule  of 
thumb,"  or  quack  constructors. 

The  grand  desideratum  in  naval  warfare  is  fast>sailing  siiips. 
If  a  ship  sails  so  badly  that  she  cannot  in  general  be  made  to 
overtake  an  enemy  of  equal  or  of  inferior  force ;  nor  escape 
from  one  with  a  decidedly  more  powerful  armament  than  her 
own;  she  had  ceitaiuiy  much  better  be  converted  into  a  mer- 
chant vessel,  than  be  made  use  of  for  the  important  purposes 
of  war.  The  system  of  razeeing,  which  it  appears  has  been 
unavoidably  resorted  to  in  order  that  our  ships  of  war  may  be 
able  to  cope  with  those  of  other  nations  with  a  fair  chance  of 
success,  is  the  only  alteration  which  could  be  made  in  maiiy  of 
the  existing  race  of  ships  which  would  be  likely  to  improve 
their  sailing  qualities.  The  reduction  in  height  of  the  topsides 
of  such  ships  as  the  2S-gun  frigates,  by  the  removal  of  their 
quarterdecks  and  forecastles  with  the  guns  and  other  weights 
thereon,  will  cause  those  ships  to  swim  considerably  lighter ; 
and  if  their  centres  of  gravity  he  bituated  lower,  their  stability 
will  mostlikely.be  increased.  It  is  to  ^be  expected  that  by  a 
judicious  stowage  of  such  ships,  and  a  proper  a^jtutaient  of  the 
quantity  of  sail  to  the  stability  when  cut  down,  they  will  in 
most  iubUiice^  be  made  to  sail  faster,  and  be  more  effective  as 
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Tessels  of  war.  The  increase  of  their  rate  of  sailing  will  in 
direct  courses  be  a  consequence  of  tlie  lai^  diminntion  of  the 

displacement;  and  in  oblique  courses,  the  sailing  will  be  im- 
proved both  by  this  circumstance,  and  by  the  reduction  in 
height  of  the  topsides,  causing  the  force  of  the  wind  impressed 
on  the  hull  to  have  a  less  powerful  effect  to  drive  the  ship  to 
leeward.  Due  resistance  to  lee-way  may  always  be  procured 
by  an  increase  of  the  depth  of  the  keel. 

There  will  however  be  a  radical  defect  In  niir  razeed  ships, 
caused  by  the  alteration  of  cutting  them  down,  which  cannot  be 
remedied  by  any  mode  of  stowing  them  j  and  through*  which^ 
there  is  reason  to  believe,  they  will  still  be  inferior  in  point  of. 
sailing  to  those  ships  of  war  of  foreign  nations  of  similar  force 
constructed  expressly  to  carry  long  and  heavy  giins.  The  forms 
of  the  bottoms  of  our  razeed  ships  will  still  be  of  that  descrip- 
tion which  it  has  been  shown  is  hot  the  best  adapted  for 
velocity. 

A  formidable  obstacle  to  an  extensive  improvement  of  the 
larger  classes  of  ships  of  war  exists,  it  is  considered,  through 
the  usual  mode  of  forming  their  decks.  Reflection  on  this 
subject  led  to  the  pubUcation  of  a  new  mode  of  framing  ships^ 
combined  with  a  mode  of  forming  decks,  in  Art.  2,  Vol.  2,  of 
this  work.  The  common  way  of  constructing-  decks,  is  like 
that  of  forming  the  i!oors  of  a  house.  In  both  instances,  beams 
of  considerable  depth  are  first  laid  across,  and  a  flooring  of 
deals  is  then  fastened  upon  them*  Such  a.  method  of  making 
the  floor  of  a  bouse,  is  'doubtless  better  than  any  other  which 
could  be  devised  ^  and  the  space  lost  between  the  beams,  is  of 
no  consequence  whatever.  Jii  a  ship  however,  where  every 
practicable  means  should  be  made  use  of  to  diminish  the 
whole  height  or  depth  of  the  hull,  the  loss  of  the  space  be- 
tween the  beams  of  all  the  decks  is  of  exceeding  importance^ 
The  great  proportion  of  the  height  of  a  large  ship,  by  which 
the  hull  might  be  reduced  by  means  of  that  plan  of  decks, 
makes  it  very  desirable,  *in  the  opinion  of  several  individuals 
fully  competent  to  judge  of  the  matter,  to  whom  the  writer  has 
had  ati  opportunity  of  futly  explaining  the  plan  as  improved 
since  its  publication,  that  a  trial  should  be  made  of  it.  The 
plan  has,  it  is  true,  been  disapproved  by  some.   But  it  is  one 
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thing  to  condenui  a  project  in  private  :  it  is  another  to  give  it 
*       80  much  atteatioo  as  to  acquire  a  cotupiete  underttanding  of  itf 
and  tJmk  ahow  a  aatisiadofy  rtaaon  forpaiaiog  ib»  eondemBa- 
tory  sentance. 

One  of  the  most  remarkahle  alterations  in  ships  hitherto 
suggested,  is  that  oi  Captain  Napier,  in  the  last  imuibcr  of  this 
work  j — that  our  shipa  of  the  line  should  be  formed  with  a 
lower  deck  like  a  frigate,  and  have  the  lower  and  mam  decka^ 
and  the  quarter  deck  and  foracaatlOi  abontfoor  feet  htglier  than 
the  lower,  middle,  and  upper  decks  of  a  first-rate  respectively 
are  at  present  alcove  tiie  water. 

The  olyect  of  this  proposal  is  stated  to  be,  that  a  ship's 
eonpany  ahoold  not  live  and  deep  on  a  fighting  deck,  but  on 
a  lower  deek,  aa  in  a  frigate.   How  far  each  an  arrangement 
may  be  considered  desirable  by  naval  ollicers  in  general,  the 
writer  does  not  know  -.  but,  of  course,  such  an  alteration  ia 
ships,  if  carried  into  effect,  would  prevent  that  very  desirable 
*    improvement  of  the  forms  of  our  ehip«^  by  tedoeing  them  in 
depth,  which  it  has  been  diown  would  render  them  faster  sailers. 
It  has  often  been  thought  that  much  more  space  is  taken  up  on 
the  orlop  decks  of  ships  of  the  line,  by  the  magazine  passages 
tad  store-^ooms  and  cabins,  than  there  is  any  real  necessity  for.  * 
As  n  Urge  proportion  of  chain  cables  have  been  substituted  for 
hempen,  and  stowed  in  the  hold,  so  much  space  cannot  it  is 
Conceived  be  requisite  for  the  cable  tiers.    Some  part  of  tiie 
orlop  in  a  ship  of  the  line  mighty  it  is  believed,  be  appropri- 
ated for  the  accommodation  of  a  oonsiderabie  part  of  the  crew* 
'  It  may  also  be  proposed  as  a  question  for  consideration^ 
whether,  for  the  sake  of  improving  the  sailing  qualides  of  our 
frigates,  by  a  reduction  of  the  height  of  their  hulls,  it  may  not 
bo  desirable  that  a  part  of  their  lower  decks  should  be  for  the 
purpose  of  depositing  a  portion  of  tlie  stores  usually  placed  in 
the  hold*  And  perhaps  it  would  be  attended  neither  mUk 
serious  disadvantage  nor  inconvenience,  if  part  of  a  frigate's 
crew  were  to  live  and  sleep  on  the  upper  deck ;  as  is  the  case 
on  the  lower  or  gun  deck  of  a  ship  of  the  line ;  and  the 
niainder  on  that  part  of  the  lower  deck  which  could  be  kepi 
soldy  for  that  purpose*   Instead  of  having  the  wmst  opei^  it 
might  be  am  much  closed  in  as  the  guu  deck  of  a  becond-ratf 
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is  by  the  upper  deck,  and  a  frigate's  crew  would  then  be  bet- 
ter off  when-living  and  sleeping  on  the  upper  deck  than  tho«c 
of  a  oor?atCe|  and  as  well  off  as  those  of  a  ship  of  the  line. 
Some  such  arrangement  would  furnish  the  means  of  greatly 
Unproviiig  tlie  sailing  qualitiesi  of  our  frigates. 

All  that  has  been  advanced  has  been  with  a  view  of  drawing 
the  attention  of  naval  architects  and  othisr  individual  interested 
in  the  snbjecCy  to  a  practicahle,  extensive^  and  certain  improve- 
ment of  our  ships  of  war  in  point  of  sailing.   The  desirableness 
of  effecting  this^  is  beyond  all  question.    The  means  of  accom-" 
plishiog  so  impgurUuit  an  object,  has  hitherto  eluded  Uie  searcbf 
not  only  of  the  merely  practieal  ship-huilder,  but  even  of  men 
of  scientific  attainments.  If  this    attempt  to  point  out  tha( 
parficttlar  form  fpr  a  ship  of  war  which  the  present  state  of  our 
knowledge  would  lead  us  to  adojit  as  the  best  calculated  for 
fast  sailing,"  has  been  aitogetiier  successful,  we  have  henceforth 
a  straightforward  course  to  pursue.   We  must  diminish  th^ 
depth  of  the  full  part  of  the  bottoms  of  ships  as  much  as  pos- 
sible, so  as  to  have  as  small,  or  rather  as  shallow  a  hold  as  the 
most  ecoiioiiiical  stowage  of  each  bhip  will  admit.    We  must 
idao  increase  the  area  of  the  load- water  itectioui  principally  by 
an  addition  to  the  hreadthi  so  as  to  ensure  a  sufllcien^  degree 
of  stability*  The  form  of  ships  at  the  ends  above  weter^  wouU 
jBot  of  eonnie  he  different  from  what  it  is  at  present.   At  each 
end,  the  curvature  at  and  above  the  load-water  section,  would 
be  limited  by  the  circumstance  of  allowing  the  planking  to  be 
J»eot  round  the  bow  and  stem  with  moderate  facility*  The 
^Mitre  of  gravity  of  displacement  must  he  placed  a^  at  present^ 
or  so  that  the  ship  may  swim  at  the  intended  water-line :  and 
the  isentres  of  gravity  of  the  immersion  and  emersion,  should 
.  ^Jiso  be  hrought  in  the  same  transverse  plane, — that  the  ship 
laay  always  coll  round  a.  longitudinal^  and  not  round  a  diagonal 
jftxi^.   The  form  below  ivater  would  not  theoi  it  is  evident,  be 
left,  as  it  has  hitherto  been,  to  the  discnetion  of  the  constructor, 
it  would  be  deteniiiiied  altogether  by  the  circutustance  of  its 
.  Jieic^  necessary  to  place  the  centre  of  gravity  of  the  displace- 
vAent  at  the  Jeast  possible  distance  belpw  the  surface  of  the 
jRflter^  in  oider  to  obtain  the  maximum  .dP  atahilitjr  and  the 
fastest  rate  of  sailing. 
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Art.  XXXlIf  *— irf  Table^  shomng  the  difference  iy  the  Stem 

in  the  DraugJU  of  Water  of  severnl  Ships  of  each  Class  in 
His  Majesty  s  Navy,  when  the  Ballast  is  Stowedy  to  facilitate 
its  Stowage  in  Similar  Ships^;  so  that  when  they  are  fully 
^u^ftpedfor  Sea  they  may  'eaU  at  a  gwen  THm,  By  Mr. 
Hbnrv  Cradock,  Naval  Architect,  in  His  Majesty's  Dock* 
yardj  Portsmouth, 

The  immense  labour  of  re-stowing  the  hold  of  a  ship,  and 
the  great  delay  it  sometimes  occasions,  are  facts  well  known  to 
every  person  at  all  conversant  with  naval  affairs.    It  becomes, 

therefoic,  a  mattci  of  considerable  importance,  to  be  able, 
without  having  recourse  to  this  expedient,  to  stow  a  ship  in 
sUch  a  manner  that  she  may  sail  at  the  trim  which  her  con- 
structor may  consider  the  best,  or  which  may  have  been  found 
to  be  so  by  experience. 

As  the  situations  of  the  greater  part  of  the  weights  that  are 
put  into  a  ship  are  unavoidably  hxed  by  circumstances,  this 
object  can  only  be  effected  by  a  judicious  disposition  of  those- 
that  are  moveable ;  vis.  t|ie  ballast,  and  a  veiy  inconuderable 
part  of  the  stores.  Upon  the  position  of  the  ballast,  therefore, 
the  trim  of  the  ship  principally  depends. 

Now  since  the  ballast,  to  give  stability,  is  always  placed  in 
"  the  lowest  part  of  tEe  hold,  and  therefore  below  the  whole  of 
the  water  and  stofea,  it  is  evident  that  no  alteration  of  any 
consequence  'can  be  effected  in  its  position  without  unstovrin^ ; 
or,  as  it  is  technically  called^  breaking  up  the  hold.  To  avoid 
the  trouble  and  delay  which  this  occasions,  it  not  unfrequently 
happens  that  those  weights  which  can  be  the  most  easily  re- 
moved are  placed  in  that  extremity  of  the  ship  which  re<{iiires 
to  be  more  deeply  immersed.  This  arrangement  Is  attanded 
with  such  injurious  consequences,  that  every  possible  care 
should  be  taken  to  avoid  the  necessity  of  resorting  to  it.  But 
the  evils  arising  from  a  ship  being  too  much  by  the  head  or 
stem,  are  sometimes  greater  than  those  occasioned  by  aneh  a 
mode  of  stowage.  Hence  appears  the  great  importance  of 
placinsf  the  ballast  in  such  a  position,  that  when  all  the  weights 
are  ou  board  no  alteration  shall  be  necessary. 
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This  may  be  calculated  wiftb  great  accuracy.  For  knowing 
the  difference  betweea^  the  light  draught  of  water,  and  that  to 

which  it  may  be  proposed  to  bring  the  ship  when  fully  equipped, 
the  centre  of  gravity  of  this  part  of  the  displacement  may  be 
found.  And  iS,  through  this  point,  a  transverse  vertical  plane 
be  ^supposed  to  pass,  the  ballast  must  be  so  placed  that  its 
'  moment  from  it,  together  with  the  moments  from  the  same 
plane  of  all  the  other  weights  to  be  put  on  board,  may  be  c(|ual 
to  nothing.  But  independently  of  these  calculations  being 
very  laborious^  they  are  of  such  a  nature  that  they  cannot  be 
performed  by  those  persofis  who  are  usually  employed  in  the 
stowage  of  ships;  from  which  consideration  the  following. 
Table  has  been  formed,  which,  if  not  strictly  applicable  to 
every  case,  wiii  enable  them  to  avoid  making  errors  of  any 
great  consequence. 

Since  the  relative  fineness  and  form  of  di&rent  ships'  bodies 
are  in  some  degree  shown  by  the  light  draughts  of  water,  it  has 
been  thought  advisal)le  to  insert  them  in  the  Tabic,  that  :i  more 
correct  judgment  may  be  formed,  as  to  which  of  the  ships  men- 
tioqed  in  it  approximates  the  most  nearly  to  the  one  which 
it  ma)^  be  required  to  stow;  and  may  therefore  be  taken 
as  a  guide  by  which  we  may  ascertain,  nearly,  what  altera- 
tion will  be  necessary  to  i)e  iimde  in  her  trim  by  the  ballast,  so 
that  when  fully  equipped  she  may  be  brought  down  to  the  trim  . 
named  in  the  last  column.  But  if  a  different  trim  should  be 
determined  upon,  a  corresponding  alteration  must  be  made  by 
means  of  the  ballast ;  and  which  must  be  lefit  to  the  judgment' 
and  experience  of  the  person  employed.  This  must  also 
apply  to  the  case  in  which  the  light  draught  of  water  of  th^ 
abip  to -he  stowed  may  not  exactly  agree  with  any  that  are' 
named. 

•  It  is  proper  to  state,  that  for  the  materials  of  which  this 
Table  is  composed  the  writer  is  indebted  to  a  gentleman  who 
has  been-  principally  employed  for  a  number  of  years  past  in 
stowing  the  ships  of  war  that  have  been  fitted  out  at  Ports- 
mouth. And  as  he  has  always  paid  great  attention  to  the 
subject  of  stowage,  and  carefully  noted  the  results,  the  accu- 
racy oi  the  Table  may  be  relied  on. 
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Art.  XXKiV.'^Propoged  Alteration  in  the  Method  of  Fit* 
ting  the  False  Keels  of  Ships.  By  Mr.  Cha&jjbs  Wilcox^ 
of  his  Majesty's  Dock-yard  at  Portsmoutli* 

In  consequence  of  the  labour  and  expense  attending  the  pre- 
sent methods  of  fitting  the  false  keeis^  and  from  their  not  being 
so  readily  carried  away  when  the  ship  strikes  the  ground  as 
might  be  -frequently  desirable,  it  has  been  thought  by  the 
Writer  of  this  article  that  some  alteration  might  be  advantage- 
^   oubly  effected  in  this  part  of  the  fitting  of  a  ship. 

As  the  intention  in  fitting  false  keels  to  ships^  independent 
of  enabling  them  to  hold  a  better  wind,  is  merely  as  a  protec- 
tion to  the  main  keel,  and  that  they  may  be  beaten  off  in  the 
event  of  the  ship's  striking  the  ground,  in  order  to  free  her 
from  the  obstacle  without  more  serious  damage,  the  writer 
thinks  that  in  the  usual  manner  of  fitting  the  pieces  of  false 
keel,  they  are  unnecessarily  long;  and  that  instead  of  their 
being  from  twenty  to  thirty  feet  in  length,  short  pieces 
would  be  much  less  expensive,  would  answer  every  purpose 
above  mentioned  equally  well,  and  would  indeed  be  more  rea- 
dily carried  away  on  coming  in  contact  with  any-thing  which 
might  otherwise  tend  to  compromise  the  safety  of  the  ship. 

Besides  which,  the  means  of  repairing  such  damage  after 
ships  are  in  dock  would  be  greatly  facilitated*  Many  instances 
have  come  before  the  writer's  notice  when  ships  have  been 
taken  into  dock  to  be  examined  after  they  have  been  aground, 
or  have  struck  on  a  rock,  in  which  the  .blow  has  been  found 
to  have  been  near  the  middle  of  a  long  piece,  which,  in  some 
instances,  has  been  brokeii  away,  leaving  two  ragged  ends  still 
attached  to  the  keel.  Other  cases  have  occurred  where  one 
end  has  been  protruding  very  considerably  beyond  the  side  of 
the  main  keel,  and  sometimes  the  wjiole  piece  has  been  out  of 
place  from  one  end  to  the  other,  yet  not  carried  away  accord- 
ing to  the  intention  of  its  being  fitted,  which  shows  clearly  the 
propriety  of  some  alteration,  that  sliips  may,  under  such  cir-  , 
cumstances,  be  more  readily  disengaged  from  what  they  may 
run  on. 

*  It  is  therefore  recommended,  that  the  pieces  of  false  keel 
should  be  each  about  eight  feet  long^  butting  square  against 
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each  othtr,  with  a  tie  bolt  driven  Ihiimgh  the  ends  Xq  prerrtut 

their  being  split. 

The  fastening  to  the  main  keei^  to  be  according  to  the  pre- 
sent  mode,  in  disposing  the  pieces  care  should  be  taken  to 
place  one  of  the  pieces  of  false  keel  directly  over  every  scarph 
of  the  main  keel,  and  the  space  between  these  pieces  should  be 
thcii  liiled  in  with  pieces  ai>  near  the  length  of  eight  fctt  as  the 
distance  between  the  pieces  covering  tfie  scarphs  of  the  main 
keel  will  admit.  When  there  are  two  false  keels,  as  is  often 
the  casei  the  huts  of  the  piece  composing  the  lower  one  should 
be  placed  in  the  middle  of  the  pieces  above,  tliereby  giving 
scarph  to  each  other  alternately.  The  blocks  in  the  dock  on 
w|ucb  the  ship  rests  are  about  four  feet  asunder ;  consequently, 
in  order  to  shift  a  piece  of  falae  keel  thirty  feet  long,  it  would 
be  necessary  for  the  ship  to  be  shored  and  suspended  through- 
out that  space,  so  as  to  take  out  six  or  seven  blocks  to  clear  it. 
And  should  there  be  two  false  keek,  double  the  nmiiber  of  shares 
would  be  required,  as  fourteen  or  fifteen  blocks  must  then  be 
removed  to  take  down  the  two  lower  jnecesy  which  the  upper 
piece  is  connected  with,  for  the  purpose  of  clearing  iu 

Again,  when  it  is  found  necessary  to  suspend  a  ship  for 
caulking  the  p:arboard  seam,  and  the  scarphs  of  the  main  keel, 
the  short  pieces  and  copper  sheathing  on  the  under  side  of  the 
main  keel,  covering  the  scarphs,  would  only  rec^uire  to  be  taken 
down  for  that  purpose;  if  there  were  only  one  false  keel, 
seldom  more  then  one  block  under  the  scarphs  need  be  re-^ 
moved;  if  two  false  keels,  seldom  more  than  two  blocks; 
which  will  admit  of  the  two  lower  and  one  upper  piece  being 
taken  down.  This  mode  of  fitting  would  supersede  the  neces> 
eity  of  suspending  a  part  of  the  ship  in  shores,  when  one  piece  " 
of  false  keel  only  is  required  to  be  shifted,  and  would,  in  the 
opinion  of  the  writer,  be  found  beneficial  were  it  generally 
adopted. 

With  ^Ise  keels  htted.  on  this  plan^  if  the  ship  were  to 
run  on  a  ahoal^  or  rock,  a  very  trifling  lateral  resistance  pro- 
duced by  veering  or  otherwise,  it  must  be  very  evident,  would 
carry  the  false  keel  away,  aud  the  ship  would  most  probably 
be.iieed..&Qm  her  dai^r. 
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Art,  XXXV. — An  Improvement  on  the  Sextant*  By  Lieut,* 
Colonel  BainbriggEj  A.  Q.  M.  G. 

Considering  that  the  common  pocket  sextant  was  capable 
of  improve  in  cut,  the  writer  had  an  instrument  made  for  the 
purposes  of  military  iurveyiiigj  on  a  nmilar  plan  to  tlie  one 
here  described ;  and  having  fonnd  that  tDnstdenible  advantages 

are  to  be  derived  from  this  method  of  construction,  he  now 
offers  it  to  the  public  with  such  further  improvements  as  his 
experience  has  suggested. 

The  invention  of  Hadley's  quadrant  originated  with  the 
celebrated  Dr.  Hooke,  was  completed  by  Shr  Isaac  Newton, 
and  first  published  by  Mr.  Hadley;  '  its  shape  is  an  octant, 
or  the  eighth  part  of  a  circle^  and  it  is  generally  called  an  octant  . 
by  foreigners* 

The  qoadrant  was  afterwards  enlarged  to  a  sextant^  so  as  to 
Increase  the  angle  to  120  degrees,  it  being  found  that  the  best 

mode  of  ascertaining  the  longitude  was  by  measuring  angles 
between  the  sun  and  moon  and  stars,  which  required  an  instru-' 
ment  of  a  more  extensive  range  than  the  quadrant. 

The  shape  of  this  improved  instrument  is  a  quadrant,  or  the 
quarter  of  a  circH^;  but  from  its  being  more  immediately  an 
improvement  upon  the  sextant,  I  have,  in  this  description  of 
itj  called  it  a  Sextant. 

The  following  are  the  chief  advantages  it  possesses  over  that 
Instrument,  as  at  prt^nt  constructed* 

First.  The  parallax  is  avoided,  by  which  all  the  angles  are 
brought  nearer  the  truth.  This  is  effected  by  causing  the  line 
of  sight  to  pass  through  the  centre  of  motion  of  the  index 
glass*  To  get  the  an^e  truly  exact,  the  objects  should  be 
viewed  from  the  centre  of  the  index  glass,  and  nbt  from  where 
the  sight  vane  is  placed."* 

Second.  One  adjustment  answers  for  all  di^tanccb  whatever: 
whether  between  objects  on  the  earth,  or  between  the  heavenly 
bodies  $t  infinite  distances. 


^  £iicyclop9Bdia  Penliensis^  vol*  18,  p.  523. 

*  Geometrical  and  Gn^bical  Esaayt,  by  George  Adams.  Gomelsd  wft. 
Mlass^dbj WiUumJoBei.  FoorUi edition^  1813.  Pp.366* 
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Third.  There  is  no  refraction  from  the  glasses  at  adjust- 
li^enty  and  there  is  less  refraction  throughout  all  the  angles  than 
there  is  with  the  common  sextant;  consequently  there  is  less 
liability  to  error. 

Fourth.  Tiie  range  is  iucreased^  so  that  an  angle  of  163 
s degrees  may  he  taken  atone  observation. 

Fifth.  Angles  betw^n  objects  on  hills  and  in  vallies,  afe  . 
rendered  hmixmU^  mi^lei  with  greater  ease  at  the  Ume  of 
taking  them. 

Descrijjtion  and  Use, 

Fig*  .108  represents  the  instrument  in  perspective.  In  the 
instrument  intended  to  be  here  represented,  the  radius  is  only 
two  inches  and  three  quarters  in  length  ;  it  may,  hoivever,  he 
made  to  anv  size.  * 

A  represents  the  index  glass,  having  an  oblong  opening  cut 
in  the  middle,  to  admit  the  line  of  sight.  Fig.  Ill  shows  the 
front  of  this  glass,  and  fig.  1 13  the  horizontal  section  through 
the  centre ;  B,  B,  are  the  parts  ground  away  in  an  inclined  plane, 
in  order  th.u  the.  t'l^hl  may  not  be  impeded  in  the  extreme 
large  angles.^ 

The  line  A  C  iig.  Ill  shows  the  centre  of  motion,  which  it 
must  he  observed  is  not  in  the  centre  of  the  glass,  thb  is 
in  order  that  there  may  he  equal  strength  left  on  the  sides 

atBjB. 

Figr  1 12  represents  the  back  part,  showing  the  dip  and  back 
plate. 

C,  in  fig.  108,  is  the  horizon  glass,  having  a  part  in  the 
middle  left  un-silvered  and  transparent  for  the  line  of  sight  to 

pass  through.  This  transparent  openinc:  is  shown  at  D,  D 
figs.  114  and  115,  which  represent  the  front  and  back  of  this 
glass.   F  L  G  fig.  1 14  shows  the  silvered  part. 

The  transparent  part  D  corresponds  in  height  (from  the 
plane  of  the  instrument  H 1,  figs.  1 14  and  1 1 1 )  to  the  opening 
in  the  index  glass,  shown  by  the  dotted  lines  connecting  figures 
114  within,  and  115  with  112. 

*  If  it  should  be  found  that  the  ptrU  B»  B  sre  too  slight,  and  theT«  is  dtnger 
of  ghuM  ItretldDgi  tbo  glass  mtj  be  Isrger,  extending  ftmher  to  ilie  light 
tad  left.  ... 
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.  Tiiere  is  a  small  pin  I  at  the  bottom  of  the  horizon  glass, 
fig.  1 14y  to  go  into  a  small  bole  in  the  base  in  the  instrament, 
fig.  1  to,  in  order  that  the  vertical  line  B  O  may  never  be  thrown 
out  of  the  vertical  plane  of  the  line  of  sight,  in  turning  the 

screws  at  adjustment.  The  point  I  will  then  be  a  pivot  on 
which  tlie  horizon  glass  will  move  at  adjustment ;  and  it  will 
be  exactly  in  the  line  E  as  shown  at  I,  fig,  1 10,  being 
the  screw-holes. 

*  E  O,  fig.  lOS,  is  the  line  of  sight,  passing  directly  through 
the  centre  of  motion  of  tlie  index  glass  A  C,  figs.  Ill  and  113. 
This  line  is  perpendicular  to  the  index  glass  when  the  index 
stands  at  and  also  perpendicular  to  the  centre  part  D  of  the 
transparent  space  of  the  horizon  glass.  The  vertical  line  E 
figs.  1 14  and  1 15,  shows  the  vertical  plane  of  the  line  of  sight. 

In  taking  an  angle,  the  reflected  object  will  be  cither  at  F  or 
at  fig.  1 14y  either  above  or  below  the  object  seen  at 
through  the  transparent  part  of  the  horizon  glass.  -  But  if  the 
reflected  object  is  on  ground  above  where  the  observer  is 
standing,  it,  will  be  re-fleeted  at  F  ;  and  if  on  ground  below  him, 
it  will  be  seen  at  G.  Should  the  other  object  be  situated  on 
ground  above  where  the  observer  is  standing,  whilst  the  reflected 
object  is  on  ground  below  htnii  then  that,  other  object  which 
he  looks  at  direct^  will  be  seen  above  the  horizon  glass  at 
and  vice  versa,  through  the  opening  at  K  Ijelow ;  observing 
always  that  the  instrument  must  be  held  horizontally,  and  that 
the  objects  on  the  vertical  line  E  O  are  perjpendicular  ,to  the 
horizon. 

The  sight  vane  is  made  very  large,  projecting  on  each  side 

so  as  to  shut  out  the  rays  of  light  from  the  eyej  thus  iticreasing 
the  power  of  vision^ ,  and  rendering  a  telescope  the  less  ae- 
ccssarv. 

An  inverted  telescope  is  applicable  to  the  instrument*  and 
may  be  affixed  with  ease. 

In  figs.  IDS  and  109,  I  is  the  si^lit  hole — an  oblong  opening, 
corresponding  in  height  to  the  opening  in  the  index  glass. 

J,  in  fig.  I08|  is  a  green  shade  glass,  to  cover  the  sight  hole 
at  pleasure  \  this  shade  will  be  sufficient  for  the  ordinary  pur- 
poses of  surveying,  or  it  might  be  omitted  altogether ;  but  for 
solar  observations  this  must  be  a  dark  shafile. 

VOL.  III.  SB- 
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K  (fig*  109)  is  a  frame  to  carry  two  shade  glasses,  one  dark, 
the  other  green :  these,  with  the  glass  J,  will  be  used  when 
taking  tlie  sup's  altitude  with  the  artificial  horizon,  where  the 
rays  reflected  from  that  .surfece  will  be  about  equal  to  the  rays 

reflected  from  the  q:la«^ses,  and  will  require  equal  shade. 

These  three  glasses  will  also  be  required  for  all  celestial 
purposes* 

L,  in  fig.  108,  are  three  other  shade  glasses,  two  dark  and 
one  green,  fixed  to  the  base  of  the  instrument,  to  move  up  and 

down  a!ul  cover  the  buck  of  the  horizon  glass.    By  the  aid  of 
these  glasses  one  may  look  directly  at  the  suu.   For  expeditious 
sutveying  it  will  be  suflicient  if  the  aic  is  graduated  to  single 
degrees  (the  radius  being  not  less  than  2|  inches),  as  it  will 
prevent  the  necessity  and  incumbrance  of  a  magnifying  glass. 
In  til  is  case  the  vernier  is  niaile  to  rend  off  to  the  g  part  of 
a  degree,  which  is  effected  by  taking  5  divisions  on  the  arc 
AB,  fig.  116,  and  dividing  it  into  6  parts,  C  D,  on  the  vernier 
(of  course  six  lines  only  will  be  cutt  the  seventh  line  coming 
where  the  letter  D  is  placed,  will  not  be  cut).    The  alternate 
divisions  which  inark  20  and  40  niintites  should  he  longer  lines 
than  the  others,  having  a  small  2  and  a  4,  as  in  lig.  1 16*  The 
di^sions  on  the  arc,  as  well  as  those  on  the  vernier,  should  be 
very  short,  deeply  cut,  and  very  distinct  to  the  naked  eye ; 
there  should  be  no  parallel  lines,  as  they  only  confuse  the  sight. 
By  attending  to  these  particnlars  the  inai;nifyin^  j;lass  is  saved, 
and  tiuie  is  gained  in  the  reading  off  of  the  angles.    'I'he  plane 
surface  of  the  vernier  should  be  in  the  same  line,  or  flush,  with 
the  arc,  as  shown  in  the  section,  fig.  WJ^  A  beii%  the  vernier, 
and  II  the  arc ;  by  which  the  same  shade  of  light  falls  on  both 
arc  and  vernier,  and  the  eye  will  more  readily  distinguish  the 
coincidence  of  the  divisions.   The  part  of  the  index  which 
presses  on  the  arc  should  be  the  under  part  C,  in  order  that  the 
part  where  the  degrees  are  marked  should  not  be  worn  bright, 
and  thus  dazzle  the  siglit. 

N,  in  fig.  108,  is  a  ledge  on  the  outside  of  the  graduated 
part  of  the  arc,  on  which  the  vernier  P  runs  ^  by  which  the 
vernier  is  flush  with  the  upper  surface  of  the  arc,  as  ahown  In 
the  section,  fig.  117* 

The  handle  H  (fig*  108)  is  made  to  turn  on  a  hinge,  con- 
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trivet! 'to  go  always  stiff,  for  the  convenience  of  holding  the 
instrainent  in  any  position.  Tlie  holes  give  firmness  in  liolding 
it,  and  render  it  lighter.  When  put  into  the  case  the  handle  is 
turned  up,  and,  by  pressing  ^ain§t  the  case,  prevents  all  jolting', 
and  keeps  the  glass  free  from  the  danger  of  derangement. ' 

Adjusting  screws  may  be  fixed,  as  with  all  other  instruments 
of  this  kind ;  but  none  are  put  to  this  instrument,  for  when 
once  firmly  adjusted  by  the  maker  it  will  not  easily  get  out  of 
adjustment*  Adjusting  screws,  however,  are  necessaiy  to  an 
inetrument  made  on  this  plan  for  solar  observation,  where  great 
accuracy  is  required. 

The  back  observation  is  applicable  in  the  following  manner: 
—Let  A,  fig.  1 10,  be  a  frame  of  brass  made  to  carry  the 
back  hmrizon  glass  B,  the  back  sight  vane  C,  and  the  glasses 
D.  The  shade  glasses  would  ht  removed  from  O  to  D  for  the 
occasion.  This  frame  would  be  fixed  with  three  screws  E,  R,  F, 
whenever  this  observation  might  be  wanted.  The  arc  at  F  of 
course  would  be  made  so  as  to  receive  the  screw->hole.  H  is  tlic 
index  glass,  the  index  standing  at  Q  at  adjustment^  when  the 
horizon  iii  the  direction  H  K  would  be~  received  into  the  index 
glass,  and  reflected  back  upon  the  horizon  glass  B. 

The  plane  of  the  horizon  glass  B  L  being  perpendicular  to 
H  Q,  the  plane  of  the  index  glass,  the  eye  at  C  sees  the  reflected 
horizon  at  B,  and  also  the  unrefiected  horizoti  in  the  direction 
M,  throiigh  the  transparent  part  of  the  horizon  glass.  The 
index  would  niove  from  Q  to  P,  95  or  100  degrees,  which 
would  be  sufficient.  % 

The  inconveniences  and  inaccuracies  attending  the  adjust- 
'ment  for  the  back  observation  render  it  an  observation  very 
seldom  had  recourse  to. 

Fig.  lis  shows  the  plan  of  construction  of  HadleyV  quadrant 
and  sextant,  and  fig.  119  the  construction  of  the  improved 
sextant. 

A     (in  both  figures)  the  index  glass,  the  index  at  O. 

C  D,  the  horizon  glass. 

O  G,  the  line  in  which  the  reflected  object  is  received  into  the 
index  glass. 

G  P,  the  line  in  which  that  object  is  reflected  back  upon  the 
horison  glass. 

B£  2 
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« ' '  F     tbe'lifet  in  which  the  same.objm?  is^eflect^d  to:  the  eye 

•at  JB*  '   '  '  -t   ■  *  ■  .■  <  '  *  V  . 

,  *  EFO,  the  line  in. which  the  eye  looks  through  the  transpa- 
rent part  of  .the  horizon  glass  at  the  object  ().  - 

la  figure  1  IB.jthe  angles  O        F  G     X}  F  D,  and  E  F  C, 
.heing  all .  obliqiie^  iiuid  'the.lme  £  O,  paMiag  obliqnelv^  throii^h 
the  glass  C  D,^  there;  are  :no  lets  than  ike  points  of  eitor  upon 
the  principle  of  ;constniction ;  these*  errors  may  be  all  very 
trifling  in  small,  angles. where,  the  obliquity  is  not  very  great, 
land  the .  intelligent  workman,  allows  «for  them  ;  •  still,  they  are 
errors^  and  they  arise  >  from  the  eircuntstance  vof^the  points 
:  E  G  F  O  not  being  in  one  right  line,  and  from  the  cirenmAatice 
of  the  impossibility  of  placing  the  eye  at  the  centre  ot  lautiou 
.  of  the  index  glass.  :.  '        .    •        t  ,  ' 

:  The '.  construction  of  the  Improved  •  sextant  rectifies  these 
.  errors  as  mueh:as  poftsible.  ..V.  '  t    .  ! 

The  lines  O  G.  and  EG,  fig.  1 1 8,  not  coincidtn??,  the  space 
between  them  is  called  the  parallax,  and  it  is  owin^  to  this 
.  tliat  a  fresh  adjustment  is  required  at  dilierent  distances.  : 

Now  in  the  principle, of  construc^idh  of  the  improved ,seaaant» 
%•  119,  the  [index  glass  A  Brand  thd^h^zon  gla8st.CD  ,are 
both  perpendicular  to  the  lines  GG,)G  F,'  FE,-and  EFG  ; 
and  as  these  Hnes  are  all  in  the  same  vertical  plane,  they  may 
be  said  to  coincide  (taking  a  verticar  view  of  them) »  and  thus 
'  the  parallax  is  avoided.    *  i    \    .  ts  *  ;      i  .  t  . 

«  '  In*  like  manner  the  glasses. may  .be.  said  to  be  perpendicular 
to  these  lines,  and  consequently  tjiere  ismo  refraction '  which 
.  produces  error,  for  the  very  small  obliquity  with,  which  these 
\  lines  .strike,  the.  glasses  acts.ver.tically.  to  the.plane  of  the  instru- 
ment^ consequently  the .  very  small  degree . of jrefraeti<fti -is  pro- 
;f  dueed  veltically/and  no  error  is  Iha  cousequence.  i  \J 
I     The  horizon  glass, , fig.  1 18,  being  required  to  be  placed  a 
considerable  space  from  the  line  OG,  the  angle  OGF  is  lost 
to  the  instrument;; and  as  the  objects  within'this^pace  would 
have- the  last  refraction  from  the  index  gla^^-  tbey^  would  jbe:  the 
,  most  ,  correct  angles  that  could  be  taken,;  Now  if  ,  this  space 
be  laid  off  in  fig.  119;  that  is,  the  angle  SGO  made  equal 
,to  tlie  angle;  OGF,  it  will  appear  that  the^ same  refraction  is 
proiduced  from  the  index  glass  in  hg.  IIS,  when. it  stands, at 
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is  produced  in  ^«  119,  when  it  measures  the  angle 

SGO.y         . .      •  '   ;        .  i  /    ; > 

'  In-  like-  manner  let  the  index  glasft  hi  each  figure  he  turned' 

to  LMj  to  take  the  gieatest  possible  angle  OGK,  the  angles 
of  incidence  K  GL  and  of  reflection  FGM  being  all  equal  in: 
both  figures,  there  will  be  the  same  refraction  produced  in  one^ 
ittdex^glass'as  in  the  other;'yet-in  figM19  the  angle  measnre^'^ 
will  be  the  angle  OGK,  which  is  equal  to  the  angle  F6K  in- 
fig.  118.    But  as  the  angle  F  G  K  is  composed  of  the  angles 
O  G  F  and  O  G  K,  and  as  the  angle  O  G  F  is  equal  to  the 
angle  S  G  O  in  fig.  119  ^ ;  it  follows  that  the  angle  measured  in 
iig..  119-  is  greater  than  the- angle  measured  in  fi|g.  118,  by  all 
the 'angle' OGF.  .  .  > 

Consequently  the  further  the  horizon  glass  is  placed  from 
the  line  OG,  the  greater  will  be*the  advantage  gained  by  the' 
improved  instrument.  ^  The  common  sextants  therefore,  where' 
the  reieeted  object  is  thrown  out  of  the  glass  at'  120 'degrees,! 
have  the  same  error'  from  refrhcdon  at  that  angle  as  -  the  -im- « 
proved  sextant  has  at  163  degrees.  And  in  addition  they  have 
the  refraction  from  the  index  glass,  which  is  saved  iu  the  im-* 

;  proved  sextant.' -/  '       '        ,  ♦*     •  *:    ■•  1     '  ;  •  • 

llie- instrument  will  be- found  well  adapted  for  all  sorts  of  ^ 
surveying,  particularly^  for  military 'and  naval  purposes'  on  ser*' 
vice,  where  great  expedition  is  required,  the  increased  range  ' 
of  angle  giving  it  a  decided  superiority  over  the  pocket  sextant. ' 

•  In  •  surveying  with  •  the  -  latter '  instrument  it  not  unfrequently ' 
happens,  that  on  turning  the  index  to'measure  a  laige  an^e  the  ^ 
reflected,  object  passes' out  of  the  gla^s it  isUhen  found  that 
the  angle  was'too  large  for  the  instrument,  and  the  observer  is' 
obliged  to  seek  for  another  point  from  which  to  take  the 
required  ^angle/  Time  is  thv  lost— this  is  axt  inconvenience ' 
which  cannot: well  happen  with  an  instrument  commanding  an  ' 
angle  of '163' degrees.     '  .  i 

'  Again,  time  is  saved,  and  there  is  less  liability  to  error,  both  ' 
ill  taking  the  angles  in  the  field  and  afterwards  in  protracting 
them  and  making  the-  calculations;  by  being  enabled  co  taiie  - 
a-greater;numfaer  of  angles  from  any  one  given  point  as  a  basi^,  ^ 
than- if  obliged  to  tnake  use  of  several  different  pfHftta;-an'a<lmn-J 
tagt  which  this  instrument  possesses.  
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Wbeie  mift  euwot  always  icboota  one's  statbo^  large  angles 
of  between  140  and  160  degrees  are  occasionally  wanted;  in 
these  cases  the  sextant  is  of  no  use,  and  the  eompass  is  tedioms 

aiid  uiicertain.  in  tukini^  soundings  in  a  boat  where  the  com- 
pass cannot  be  conveniently  used,  the  large  angles  wiU  be  found 
of  the  greatest  use.  -  The  bearings  of  ships  and  capes  at  sea 
are  r eadUy  ascert»ned^  the  bearing  of  any  one  point  by  compass 
bein/2^  once  known. 

In  taking  tlie  buu's  altitude  on  land,  where  the  artificial 
horizon  is  required^  the  superiority  of  the  instrument  will  be 
evident :  for  the  observed  angle  being  double  the  angle  of  the 
snn's  elevation^  a  common  sextant,  which  only  takes  an  angle 
of  125  degrees,  can  only  measure  the  altitude  as  high  up  as 
62^  degrees,  whilst  witli  the  improved  sextant  the  measure- 
ment may  be  carried  on  to  81^  degrees.  This  difference  of 
•  \^  degrees  taken  on  each  side  of  where  the  snn  is  vertical^ 
makes  a  total  space  of  38  degrees,  in  which,  with  the  common 
sextant,  one  must  have  recourse  lo  double  altitudes  in  the  fore 
and  aft^r-iioon ;  whereas  with  the  other,  a  simple  meridian  alti- 
tude may  be  taken  at  noon*  This  would  be  a  great  advantage 
in  central  Africa,  where  the  natives  are  inquisitive  and  jeaknis 
of  instrumental  observation,  but  where  they  are  generally  asleep 
at  mid-iiuy  ^  tlie  traveller  then  is  better  enabled  tu  make  his 
observations  and  calculations  at  this  time  than  at  any  other  in 
the  four*aud- twenty  hours ;  whilst  in  the  morning  and  after- 
noon»  when  the  double  altitudes,  would  require  to  be  taken^  he 
mig^t  be  on  bis  journey  or  otherwise  prevented. 

The  altitude  of  the  sun  may  be  taken  at  sea  by  looking 
directly  at  the  sun,  and  briiigii.g  his  image  to  the  point  D  ia 
the  horizon  glass  fig.  114.  Tlie  index  is  then  moved,  so  as  to 
being  the  horixon  by  reflexion  to  F  on  each  side  the  sun* 
'Ehis  voode  of  taking  an  altitude  is  the  reverse  of  the  ordinary 
mode  with  the  (piadrant,  but  the  angle  is  the  same.  Jn  prac- 
tice it  may  be  found  to  have  some  advantages,  as  the  eye  will 
'  catch  the  sun  sooner^  and  the  observation  will  be  made  quicker 
than  where  the  sun  ia  seen  by  reflexion.  The  instrument  ol 
course  is  reversed  t  the  left  hand  holds  it  and  the  right  band 

guides  the  index. 

The  instrument  which  the  inventor  had  njade  on  this  piaoi 
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used  by  htm  ia  the  Ptfuiosula,  and  in  Frmec,  wh«a  on  the 
staff  of  the  army  in  those  eountries^  between  the  years  1810 
and  1814,  and  he  made  many  extensive  surveys  with  it,  which 

were  completed  more  expeditiously  and  more  accurately  than 
he  could  have  done  tlicai  with  any  other  instrutneut.  .These 
plans  are  all  in  the  Quarter*M^ster  General's  oiiice>  at  the 
Horse  Guards. 

It  may  be  worth  while  to  observe,  that  for  solar  ohsefvation 

with  all  sextants  and  quadrants,  tlje  dark  jjhade  glasses  uiav  be 
dispensed  with  by  covering  tiie  index  and  horizon  glasses  with 
a  thin  coating  of  body  water*CQlour,  white  lead,  or  yellow 
ochre>  laid  on  not  too  thick ;.  this  has  the  effect  of  throwing  a 
veil,  as  it  were,  over  the  sun's  rays,  sufficiently  so  as  to  enable 
one  to  look  at  it  tlirou,i;h  the  single  green  fjjlass  at  the  sight 
hole,  which  will  not  be  too  dark  to  obscure  the  horizon.  Thfi 
transparent  part  of  the  horizon  glass  of  course  must  not  be 
covered  with  the  colour,  Thi|s  the  mass  of  glasses  between 
the  index  and  horizon  glasses  in  quadrants,  which  are  a  source 
of  error,  might  be  aYoided.  In  this  way  the  buck  observation 
may  be  taken  with  the  same  ease  as  the  lore,  no  fresli  adjust- 
ment being  reiyiired;  the  angle  of  elevation  being  simply  the 
supplement  to  the  angle  of  the  fore  observation,,  allowingi  of, 
course,  for  the  dip.  , 


Art.  XXXVI. — Rcmarlcff  on  Sioivrng  ike  Baltost'. 
By  Capt,  Philip  liaowN,  R.  N. 

Unless  the  ballast  is  placed  to  accord  witii  tiie  vessers  con- 
struction, as  well  as  ta  the  proper  position  of  the  mastS|  it 
becomes  necessarily  detrimental  to  her  best  qualities*  It  often 
happens  that  a  vessel  of  war  is  brought  to  the  drahght  of 
water  at  which  the  bujidei  cietenuiues  she  will  best  answer, 
more  by  her  top  weight  than  by  that  of  her  stowage  in  ti>e 
hold  ;  and  very  seldom  is  much  regard  paid  to  the  lines  of  her 
construction^  provided  she  arrives  at  her  destined  draught 
of  water*  This  mode  'of  trimming  a  vessel  must  be  evi- 
dently mischievous,  as  well  as  unjust  to  the  science  of  the 
builder^  and  it  too  often  occurs  that  odium  is  c9#|^  iipon  h}» 
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skin,  which  truly  ought  to  attach  to  the  vnsldlfal  penon  into 

whose  hands  such  a  ship  may  unfortunately  fall;  in  truth  it  is 
utterly  impossible  that  any  vessels  whatever,  more  especially 
those  constructed  for  the  purposes  of  war  or  fast  sailing,  can 
efc?  be  expected  to  produce  their  best  qualities,  unless  thetr 
commanders  are  competent  to  comprehend  the  construction 
and  principle  upon  which  they  are  built  ;  and  more  vessels  in 
His  Majesty's  service  have  arrived  at  good  sailing  by  mere 
chance  than  by  the  actual  knowledge  of  their  construction. 
It  likewise  often  happens  that  the  person  wlio  has  commanded 
a  French  stiip  that  has  sailed  well,  on  being  appointed  to  an 
English  one,  will  stow  antl  aiianc!;e  her  in  a  precisely  similar 
manner,  although  the  principles  of  their  construction  be  wholly 
different.  It  is  therefore  much  to  be  lamented  that  officers 
in  the  nayy,  when  they  have  the  opportunity,  neglect  to  ac- 
quire a  description  of  knowledge  of  so  much  consequence  to 
their  best  iiitei  est;  for  tin  oic  tical  and  practical  knowledge  is 
of  the  utmost  value  ;  and  it  is  equally  to  be  lamented  that  the 
surveyors  of  His  Majesty's  navy^  who  are  its  principal  con- 
atructors,  whenever  an  improved  description  of  ship  is  built  by 
them,  should  not  have  a  voice  in  the  appointing  a  competent 
officer  to  command  her  ;  for  in  all  mattc]\^  of  experiment, 
neither  the  rank  nor  quality  of  the  officer  should  become  a 
consideration ;  it  is  the  ship,  and  not  tlie  rank^  that  should  be 
the  first  consideration  |  for  if  one  does  not  answer^  the  other 
becomes  useless. 

As  the  stowage  of  the  ballast  must  matci  iallv  govern  the  i^hip 
in  all  her  motions,  when  operated  upon  by  the  elemeuts  with 
which  she  will  have  to  contend^  it  is  of  the  utmost  consequence 
that  while  it  should  on  the  one  hand  enable  her  to  resist  the 
violence  and  power  of  the  wind,  it  should  also  enable  her  to 
yield  easily  to  the  pressure  of  the  water,  so  as  to  permit  her 
to  pass  smoothly  through  and  over  the  waves,  preserving  her 
equilibrium  as  much  as  possible  on  all  occasions,  neither  de- 
pressing the  one  extreme  nor  the  other,  nor  forcing  beneath  the 
water  that  part  of  her  hull  always  intended  to  be  above  it, 
as  well  as  tu  ltlicr  placing  it  too  high  nor  too  low,  to  occasion 
violent  roiling  or  the  want  of  stability  to  carry  canvass — both 
esttceme  evils* 
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Having  0.  perfect  kuowiedge  of  the  ship's  construction,  on ' 
reference  to  it,  it  wilt  be  seen  where  lier  greatest  capacity  lies  $  • 
witbia  which  it  i$  advisable  to  confine  the  ballast  as  much  as 
posMble ;  for  the  weight  in  the  extreme  of  ships  of  war  is  so* 
^rt  at,  that  unless  this  precaution  is  taken^  the  vessel  will  be  lia- 
ble to  pitch  and  'sceud  excessively^  endangering  the  masts  and 
retarding  her  sailing  $  and  againi  if  it  be  placed  too  high  or  too ' 
low,  she  will  roll  heavily. 

If  the  weights  be  extended  towards  the  extremities,  their 
effect  must  be  to  increase  the  incHnation,  and  consequently 
accelerate  the  pitching  j  coniining  or  centring  the  weights 
diminishes  the  effect,  and  the  vessel  becomes  less  disposed  to 
swag  upon  her  axis;  ^d  the  ballast  being  confined  to  that 
part  of  the  body  of  the  vessel  best  able  to  sustain  its  weight, 
will  also  render  her  less  liable  to  swag  either  un  the  sea  or  on 
taking  the  ground* 

Abt*  XXXVll.*<^pit  the  Protection  of  Ships  from  Ughtmngn,  . 
By  W.  Snow  Harris,  Esq.,  F.  R.  S. 

L  The  annals  of  the  British  navy  during  the  last  half  cen- 
tury present  few  cases  of  dr. :ii;ia;e,  from  natural  causes,  mure 
calamitous  than  those  which  have  resulted  from  discharges  of 
atmospheric  electricity.  The  disastrous  eifects  of  lightning  on 
ship-board,  whether  considered  as  endangering  the  lives  of  the 
seamen,  or  as  involving  the  national  interests,  are  most  appalling; 
and  it  becomes  a  question  of  serious  iiiipcjitance  to  a  maritime 
power  like  Britain,  how  far  her  fleets  can  be  cilectually  secured 
ag&inst  the  destructive  operations  of  one  of  the  most  powerful 
agencies  in  nature. 

2.  It  may  be  remarked  lii  considering  this  question,,  that 
the  damage  thus  sustained  by  ships  usually  so  occurs,  as  to 
excite  rather  a  particular  than  a  general  apprehension,  hence  the 
accumulated  evil  is  not  fully  apparent ;  indeed,  an  impression^' 
that  the  chances  of  danger  at  sea  from  lightning  are  compafa* 
tively  few  and  inconsiderable,  aided  perhaps  by  the  notion, 
somewhat  prevalent  amongst  sailor^  iliat  the  conimou  methods 
of  defence  are  in  themselves  objectionable,  has  caused  the  most 
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effectual  means  of  palliattog  the  fury  of  atiokM  of  %bliiing  on 
ship-board  to  be  altq^cther  orerloohed. 

3.  It  will  be  uiv  endeavour  to  show  in  the  course  of  these 

observations,  and  that  too  by  atiiiering  carefully  to  the  only 
certain  means  by  which  science  is  advanced — observation  and 
experiment — (ist),  That  the  neeettity  of  guarding  the  navy  of 
of  Eogland  againsc  exploeiona  of  natoral  electricity  involves  s 
question  of  vital  importance  to  the  nation.  (2dly),  That,  tlie 
notion  so  fic(|uentlv  entertained,  that  li^Uiuiug-piutLxtois  on 
ship- board  ate  objectionable,  as  being  calculated  to  invite  the 
destruction  which  they  are  intended  to  obviate,  is  unfounded  in 
fact:  (3dlT},  That  the  most  effectual  method  of  rendering  shipa 
safe  in  thunder-storms,  is  by  perfecting  the  conducting  power 
of  tlie  nuists  themselves  its  far  as  possible,  uniting  at  the  same 
time  by  good  conducting  communications  all  the  detached 
m  asses  of  metal,  wherever  it  can  he  effected,  and  Anally  by  com- 
pleting the  metallic  connexions  through  the  ship  to  the  sea,  or 
to  the  copper  expanded  on  the  bottom.  (4thly),  I  shall  endeavour 
to  point  out  an  efficient  method  of  carrvini:;  these  last  sni^ges  • 
tions  into  practice,  and  that  in  a  way  bencticial  to  the  masts 
themselves,  so  that  under  all  the  varying-  eircamstauces  and 
conditions  of  the  ship,  as  complete  a  protection  from  the -effects 
of  lightning  may  be  obtained  as  can  reasonably  be  expected 
from  the  advances  yet  liiade  in  natural  kuo^vledgc. 

4.  And  first  with  regard  to  the  importance  of  the  question 
as  affecting  the  interests  of  the  nation*  To  render  this  apparent, 
little  else  will  be  required  than  a  plain  statement  of  the  follow- 
ing instances  of  damage  by  lightning  on  ship-board. 

(a)  His  Majesty's  ship  Russcl,  on  the  of  Oet()l)er  1793, 
was  struck  by  lightning  about  three  leagues  from  Beileihle,  tlie 
expl9sion  fell  on  the  main  and  mtzeu  masts  throughout,  and  dis- 
abled the  masts  so  much  that  no  sail  could  be  carried  on  them 
when  it  blew  fresh.  If  the  squall  had  lasted  a  few  hours  longer, 
the  sliip  must  have  inevitably  been  lost  on  the  French  coast, 
as  the  wind  blew  right  on.^ 

(b)  In  the  year  1793  H.  M.  ship  Duke^  of  90  guns^  com- 
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manded  by  Sir  Charles  Penrose,  was  struck  by  lightmog  off  the 
Island  of  Martiniqti6|  wh^Bt  m  action  tmder  a  biUiery^  which 
shivered  her  wunn'-topmMty  and  did  other  damage  to  theveeeeh^ 

.  (c)  On  the  23rd  of  Febiuai) ,  177!),  IL  Al.  ship  Terrible 
was  assailed  by  a  stroke  of  lightniu^;  the  fore- top-mast  and 
fore-oiaal  were  destroyed.  The  explosion  wade  its  way  into  a 
store-room  directly  over  the  fore  magazine,  and  shivered  two 
carUnpfs  In  pieces.  The  officer  on  watch  iidd  the  lightning  ran 
in  u  circular  btreaiii  down  the  foremast.^ 

(d)  In  the  autumn  of  1813  part  of  the  iMediterranean  tlect, 
vnder  the  comtnand  of  Lord  £ixino«th»  was  struck  by  lightning 
off  the  mouth  of  the  RhonC}  so  that  out  of  13  sail  of  the  line 
mhout  (me  ha^  were  damaged^  at  least  5  ships  were  obliged  to 
shift  their  top-masts.  The  fleet  was  at  this  time  employed  iu 
blockading  Toulon.^ 

(e)  H.  M«  ship  Glory  was  struck  by  lightning  off  Cape  Flnis- 
terre,  in  the  fleet  commanded  by  Sir  Robert  Calder^  only  a  few 
days  previously  to  meeting  the  combined  fleets  of  tlie  enemy. 
She  was  quite  disabled  in  lier  main-mast,  the  top-i^allant-mast 
and  top-mast  being  rent  from  the  liead  to  the  heei.^ 

(f)  In  the  summer  of  Ib^O,  H.  M.  shipft  Gloucester  and 
Melville  were  both  disabled  by  lightning,  at  Malta,  whilst  going 
out  of  port  to  join  the  Admiral,  so  that  they  were  obliged  to 
returii  and  refit. 

(g)  In  the  year  1/48,  the  ship  Dover  was  struck  by  light- 
ing, in  (at.  47?  ^O'  north,  long.  22?  15'  west,  it  disabled  the 
main-mast,  stove  the  upper  deck,  drove  down  all  the  eabins  on 
one  side  of  the  steerage,  stove  the  lower  deck,  went  through 
the  starboard  side,  and  started  off  from  the  timbers  four  outside 
planks,  one  of  whieh  planks,  being  the  second  from  tlie  wale, 
was  broke  quite  asunder,  and  let  t»,  tn  dnnU  ten  or  fifteen 
mhmtee*  timey  nme/eet  of  voter  in  the  ehq>,^ 

(h)  H.  M.  ship  Cambrian  was  struck  by  lightiiiiic;  off 
Plymouth,  on  the  22nd  of  l\!)ruary  1799,  which  fell  on  the 
fore-mast,  killed  two  men  at  the  bitts,  and  wounded  several 


1 

'  J^aval  Chronicle.      «  Admiral  Bedford,  R.  N.      *  Capt.  Barnard,  R.  N. 
^  Lieat*  Boacber,  ii«  N.  '  f  lulMOphictl  Truwactioos. 
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dthen,  the  liglittiin^  pasted  Into  the"  waist  VhmI  struck  down 
almost -every  oiie  on  that  side' of  the  deek-^the  number  of 
wounded  men  taken  below,  mnviy  of  whom  were  insennibte  and 

apparently  dead,  was  about  twenty — the  appearance  of  the  ship 
was  dislresbiag  in  the  extreme^  nor  could  the  men,  for  moutiis 
after,  get  rid  of  the  impiession  produced  on  them,  whenever 
the  elements  were  surcharged  with  the  electric  fluid.^ 

(i)  H.  M.  ship  Windsor  Castle  was  struck  by  lightning  in 
Leghorn  Roads,  in  September  1794;  the  parrel  between  the 
mast  and  yard  was  set  on  hre  ;  and  it  burned  so  furiously^  that 
had  not  very  heavy  rain  come  on,  there  is  little  doubt  but  thai 
the  ship  would  have  been  destroyed.*  < 

5.  These  few  instances  of  damage  by  lightning  at  sea,  are 
alone  calculated  to  excite  reflections  of  the  greatest  national 
importance. 

•  The  first  (a)  is  a  powerful  illustration  of  the  hazardous  situa* 
tion  in  which  a  ship  of  the  line  was  placed  from  the'above 

cause,  when  on  an  enemy's  coast. 

The  second  (b)  is  an  instance  of  a  ship  being  to  a  great  ex- 
tent disabled  by  lightning  whilst  in  action.  ;  2 
.  The  third  (c)  shows  the  lialNlity- of  a  stroke -of- lightning  to 
explode  in  the  vicinity  ,  of  the  powder  magaznes.  ' 
«  The  fourth  (d)  is  an  instance  in  which  one  half  of  a  fleet 
employed  in  blockadiuii;  an  enemy's  port,  were  in  some  measure 
disabled  from  the  same  causa*    The  disadvantage  to  the  coun-  • 
try,  had  the  ships  been  then  called  into  action '(a  supposition 
by  no  means  nnwarranted},  is  almost  incalculable.* . 
.  The  fifth  (e)  is  of  the  same  nature.  '  » 

The  sixth  instance  (f)  is  again  similar,  inasmuch  as  the 
absence  or  presence  of  two, ships  of  tlie  line  may  be  sufficient 
to  decide  the  result  of  a  general,  action ;  now  these  ships; were 
disabled  when  about  to  join*  a  fleet;  and  we  may  suppose  it  to  - 
have  been' a  case  of  emergency.  .  »    f  > 

The  seventh  (g)  proves,  tliat  a  vessel  may  be  nearly  lorn  in 
pieces  by  the  violence  of  a  stroke  of  lightning. 

The  eighth  (b),  beside  the  loss  of  life,  is  an  illustratmn  of  the 


^  Ctpt,  H«ydyn,  R.  N.  ,  i  *  Capt,  Beyiw^  li.  N.  - 
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lAipltfaaintieifoGt'prodaoed  on:  the  minds  of  the  ship's  .company, 
tending  lo  paralyze  their  necessary  exertions  in  tiqfies  of  dilE- 
ciiltv.  '  ,  •  •  - 

The  last  instance  (i)  shows,  that  a  discharge  of  atmospheric 
electricity  may  be  the  cause  of .  a  ship's ,  being .  destroyed  by  iire.  . 
;  6.  '  It  is  not  therefore  unreasonable  to  infer,  from  an'  attentive 
consideration  of  these,  and  similar  instances,  that  many  ships, 
whose  loss,  from  the  length  of  time  they  have  been  missing, 
amounts  to  a  . certainty,  .have  been,  .directly  or  indirectly,  de- 
stroyed by  ltghfping;,for^.whiUt  ships  remain. undefended, from 
this  source  of  danger,  there  is  no  fatal,  consequence  incident  to 
their  situation  by  ,  which  they  -  may  not  be  suddenly  assailed  : 
the  impolicy  of  allowing  a  country  like  Ikitain,  whose  naval 
pre-eminence  is  so  intiaiately  connected  with  its  national  great- 
nessy  to  remain '  exposed  to  these  fearful  contingencies,  when 
in  all  reasonable  probability,  such  may  be  avoided^  cannot,  for 
an  instant,  be  questioned.  -  .  .*  '   "      '  ■  i-- 

7. ,  Having  thus  set  forth  the  national  importance  of  this  ques- 
tion, we  now  proceed  to  consider  the  method  of  defence  by  light- 
ning-protectorsj  first  suggested  by  the  celebrated  philosopher 
Dr.  Franklin,' and.during  a  long  period« employed' in  defending 
powder  magazines  and  other. buildings  of  consequence  on  shore 
with  considerable  success;  and  also  to  show,  that  the  objections 
^  Mrhich  are  advanced  to  the  use  of  such  protectors  when  efficiently 
.  applied  to  ships,- are ,  inconsistent  n^ith  the  known  laws  of  elec- 
tricat  actions,' and  nnfoonded;  in  fact.  / 

8.  Although  the  meteorological  phenomena  occasioning 
damage  to  ships  are  in  some  instances  of  an  anomalous  cha» 
racter,  and  have  been  classed  under  tlie  goiieral. denomination 
of  fire  balisi  yet  snch  damage  is  for  the  most  i  part  observed,  to 
happen  during  that  peculiar  state  of  atmospheric '  excitation 
constituting  a  thunder-storm,  the  more  immediate  subject  o( 
our  present  consideration.  '  ;  > 

9.  The  active  principle  of  a  thunder-storm  may  be  consi-  . 
dered  as  an  "extremely 'subtle  species  of  matter^  e¥er}'-where 

•  pervading  nature,-,  being  disttibuted  in  bodiev  in '  quantities 
'  proportionate  to  tlieir  capacities  for  it ;  the  real  essence,  how- 
ever, of  this  wonderful  agency  is  as  yet  undiscovered  :  it  has  been 
occasionally  termed,  the  matter  of  lightnings  or  more,  commonly . . 
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electricity,  or  the  electric  fluid,  in  consequence  of  itaf  IntSniBte 
identity  with  the  cause  of  the  phenomena  observed  on  exposlripf 
vitreous  and  resinous  sulistauces  to  a  sort  of  excitation  by  tiric- 
tioii. 

The  quieteent  state  of  this  very  subtle  principle  seems  to 

.consist  ill  tiic  proportionate  distribution  above-mentioned; 
whenever  therefore  from  anv  cause  it  becomes  disproptii  troii- 
ately  distributed,  that  is  to  say,  whenever  it  is  accumulated  in 
or  about  certain  bodies,  and  abstracted  at  the  same  tinie'  fh>m 
other  bodies,  there  ensues  a'  tendency  more  Or  less  powerful, 
according  to  the  extent  of  the  disturbance,  to  rei;aiii  the  pre- 
viously-existing state:  in  this  way  a  sort  of  concentrated  action 
is  at  length  set  up  between  the  overcharged  and  undercharged 
bodies,  which  frequently  ends  in  a  terrific  explosion,  and  the 
electric  matter  assuming  a  highly-condensed  form  in  the  act  of 
riishinij;  from  the  one  to  the  other,  exerts  upon  such  substances 
as  lie  in  its  course  an  irresistibly  expansive  effect,  accompanied 
with  a  rapid  evolution  of  light  aad  heat;  so  that  such  sub<- 
•tances  are  not  only  rent  asunder,  but  are  'frequently  uiflained, 
iiised,  or  ignited.'    '  ■ 

10.  In  the  progress  of  electrical  inquiries  it  has  been  found, 
that  some  substances  oppose  but  comparatively  little  resistance 
t»  the  passage  of.  the  electric  principle,  whilst  on  the  contrary 
others  seem  to  arrest  its  course  altogether  \  hence  el^ctriciaiis 
have  been  led  to  consider  ' bodies' in  relation' to  their  resisting 
power  r  substances  which  oppose  but  comparatively  little  resist- 
ance to  the  passage  of  the  electric  matter  having  been  termed 
conduces  of  electricity,  whilst  those  which  oppose  its  passage 

.  altogether  hlive  been  termed  ncn-conduciors  of  electricity,  or 
occasionally,  from  the  same' cause,  t;»ceiiafor.^. 

11.  The  conducting  class  comprises,  all  the  metals,  concen- 
trated acids,  well- burned  charcoal,  wood  iii  its  ordinary  state, 
dilute  acids,  and  saline  fluids,  most  earths  and  stones,  ikme. 


.  A.  Hiii  my  foid-  ^Mhsiittiy  view  of  sleo^inl*scttoa  uwj^iuit  %b  ilibgttclier 
•  oot  of  place,  for  although  it  must  bs  admitted  ^t  s  th^pory  it  menHy  •  wf  •£ 
pictarin^  (o  ottraelvea  Uie  course  of  nature,  jet  it  is  always  tufficteat  aad  ad* 
miesible  bo  loog  as  it  IS  soosistsnt  ivitb  obserred  jfhtimm  and'  not  contn* 
dl0<ei  by  ipj  towa  iktt 
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smoke,  steaitty  and  a  high1y*exfaaiiste<l  mediimi.  If  any  of  tliejte 

substances  while  resting  on  the  ground  be  pnt  into  contact  with 
the  conductor  of  an  electrical  machine,  whilst  a  current  of  sparks 
is  passing  from  it,  the  sparks  will  immediately  cease^  in  coiise^ 
quence  of  the  electric  matter  being  rapidly  transmitted  by  tfaem 
to  tlie  earth — an  easy  and  striking^  experiment. 

12.  Ill  tlic  non-conducting  or  insulatiny  class  are  iouiul,  all 
vitreous  and  resinous  substances — dry,  permanently-elastic  fluids 
such  as  air:  silk,  oils,  wool,  hair,  feathers, baked  wood,. and  ve#y 
dry  vegetable  substances.  If  whilst  a  current  of  sparks  Is  pass* 
ing  from  the  conductor  of  an  eleetrieal  machine  any  of  these 
bodies  be  put  in  contact  with  it,  restine;  as  in  the  former  case 
on  the  earth,  little  or  no  difference  will  be  perceived;  the  sparks 
will  coittinue. 

13.  Although  for  general  purposes  the  various  bodies  in 
nature  may  be  considered  as  belonging  to  one  or  the  other  of 

these  classes,  yet  sucli  a  gradation  of  effect  is  observable  that 
the  conducting  or  insulating  power  ol  some  substances,  as 
compared  with  that  of  others,  may  be  considered  imperfect : 
hence  has  arisen  a  third  class,  which  mav  be  referred  to  either* 
Thus,  wood,  hemp,  stone,  and  the  like,  may  become  insulators 
to  a  state  of  low  electrical  action,  and  conductors  to  an  intense 
one. 

14«  The  manner  in  which  accumulations  of  atmospheric 
electricity  proceed,  aire  referable  to  the  following  principle: 
When  two  substances  of  the  conducting  class  are  directly  op- 
posed to  each  other,  and  are  separated  by  a  substance  of  the 
non-conducting  or  insulating  class,  one  of  the  conducting  sub- 
stances being  in  a  free  state,  whilst  the  other  Is  insulated; 
the  state  of  proportionate  .distribution  (9)  may  then  become 
deranged  to  the  greatest  possible  extent,  causing  an  interne 
elctt-ilcal  acliuu. 

These  conditions  are  found  in  nature,  iu  the  relative  situations 
of  the  sea  and  clouds,  and  intervening  air ;  so  that  when  from 
any  cause  an  evolution  of  natural  electricity  takes  place,  and 
heavy  masses  of  vapour  are  present,  we  have  immediately  an 
insulated  conductor  (a  cloud)  opposed  to  a  conductor  in  a  free 
state  (the  sea  or  laud),  and  an  intervening  insulating  medium 
(the  air)  \  hence  resulu  a  charged  baltery  of  enoimoos  power : 
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aad  the  attractive  force  of  the  opposite  ekotrical  a^tes  becomes 
at  leagth  ao  powerful  that  the  electric  matter  breaka  down  the 
intervening^  reaiating  air  with  a  terrific  and  denae  exploaioD, 
falling  either  upon  the  surface  of  the  sea  oi  laud,  or  otherwise 
upon  such  elevated  bodies  aa  happeu  to  iie  iu  the  vtciiiity  of 
the  point  in  which  the  intervening  air  gtvea  way*  This  peculiar 
effect  ia  perfectly  analogona  to  the  apontaneoua  exploaioa  which 
frequently  occvra  at  the  time  of  conveying  a  high  charge  to  an 
electrical  jar,  and  which  is  attended  b)  a  peculiar  fracture  uf 
/  tlie  glass.' 

15.  'Die  year  17^2*  which  marks  an  important  era  in  elec- 
trical acience,  from  the  celebrated  diacovery  of  tlie  principle 
above-mentioned,  under  the  form  of  the  Ley  den  jar,  gave  to 
the  natural  philosopher  an  easy  method  of  concentiating  large 
quantities  of  ekctricity  produced  hy  artificial  meana,  ao  as  to 
diacbarge  it  upon  or  through  bodiea  with  an  inatantaneoua  and 
violent  exploaion.  Prom  the  time  therefore  that  the  cause  of 
lightning  became  identified  with  that  of  ordinary  electricity, 
and  tiie  gigantic  attempt  of  Dr.  Franklin  and  other  philoso- 
.pherSi  of  actually  drawing  down  the  matter  of  lightning  from 
the  clouda,  was  fully  accompHshed,  the  eifecta  produced  on . 
bodiea  by  minor  electrical  diachmrges,  with  their  mode  of  action, 
acquired  a  new  interest  3  and  many  important  experimental 


^  When  sensible  and  heavy  mns«ps  or'  vapour  are  ?/  ;  present  so  as  to  form  an 
iipp'*!r  nnd  insulated  conduct  r,  tin'  an  ang'enjent  inav  then  be  considered  lo  be 
simply  that  of  a  single  conductor  in  a  free  state,  nnd  a  contiguous  iiuulatii^ 
medium,  tlie  latter  being  cither  in  an  overchurgfd  or  undercharged  state,  as 
exemplified  mecbanieally  in  placing  a  square  of  gloss,  preriouslj  electrified 
either  posUirely  or  negfttirely,  upon  en  extended  Barface  of  tinfoil;  under  tibeae 
oiittonistanees  a  Isrgequmtaty  of  the  aceamuleted  eleetridty  may  xosh  thvoogfa 
eene  weak  portion  of  the  intolating  wu,  produeaog  tktt  spectei  of  meteor  tensed 
more  espeeially  a  fire-ball,  and  which  ia  observed  to  occur  even  in  aerene  wea- 
ther. In  a  similar  way  the  luminous  appearancei  observed  oocasionally  on  the 
pointed  extremities  of  a  ship's  mr-sts  and  yards  ate  referable  to.  the  more  gradual 
passing  of  the  electric  matter  eziaiing  in  the  atmosphere  in  a  free  state*  aad 
which  frequenUy  occurs  in  very  fine  wenther  without  the  presence  of  clou<}s :  but 
whale verforin  these  explosions  nsjunte,  they  may  be  nil  considered  aa  originating 
in  the  sumo  c«nse ;  tlio  tondoicy  of  tlio  electric  mailer  to  a  state  of  proportionate 
distribution.  An  explnnati  iii  oftlio  j>!jHiiomena  of  tli under- storms  on  thisprin- 
ri  pie  will  be  found  in  my  printed  letter  to  bir  T»  B,  Martin»  U.  C.  B,,  ComptroUar 
ot  his  Jkmesty's  Navy,  6i<t, 

I 
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tm^mh/tB  into  the  lows  and  operstfon  of  the  giieat  tMlmal 
aetion  were  successfiiiiy  carried  on  by  means  of  the  ordinary 

artificial  one. 

16.    Amongst  the  maiiy  important  results  arrived  at  by  such 
Inquiries  are  the  foUowiiq^:— 

First^Tn  every  ease  of  eleetrical  explosion,  there  are  uni^ 

versally  two  points  of  action,  one  Jrom  which  the  electric  mat* 
ter  may  be  supposed  to  proceed,  aad  auulher  towards  which  it 
may  be  considered  as  determined. 

Secondly^Ac  the  instant  before  which  an  explosion  takes 
place,  the  stream  of  electricity  moving  to  restore  the  equili- 
brium of  natural  distribution,  seems,  by  a  wonderful  influence, 
to  feel  its  way,  and  mark  out  as  it  were  in  advance  the  course 
it  is  about  to  follow;  which  course  is  imariabfy  deiermmed 
through  the  Une  or  Usm9  of  least  re$i$tmiee  between  the  points 
of  aetion. 

A  few  illustrations  from  experience  of  damage  by  lightning, 
in  addition  to  those  beibre-mentiqiied^  may  serve  to  render  these 
ikcts  evident. 

(k)  Tlie  brig  Belieisle  of  I4verpool,  in  November  181 1,  was 

•    lying  afloat,  abreast  of  Mr.  Evans's  yard,  at  Bideford,  when 
a  vivid  flash  of  lightning  shivered  her  fore-top-mast  and  fore- 
•  mast)  tore  up  the  forecastle  deck,  and  struck  a  hole  through 
her  starboard-side,  starting  several  butts  in  the  bends,  whence 
it  passed  into  the  sea. 

(1)  The  United  States  ship  Amphiuii,  Bionc  master,  of, 
and  thirteen  days  from  New  York,  bound  to  Rio,  was  struck 
by  lightning  on  the  21st  of  September  1822,  the  lightning 
descjended  by  her  mizen-mast,  destroyed  the  compasses  and 
cabin  furniture,  splintered  and  tore  to  pieces  the  ceiling,  bulk 
heads,  and  rudder  trunks^  sliivered  two  hold  heams,  and  passed 
out  through  the  quarter  into  the  sea,  tearing  otf  part  of  the 
sheathing  in  its  course,^ 

(m)  His  Majesty's  frigate  Palma,  commanded  by  Captain 
Worth,  was  struck  by  lightning  in  1814,  in  the  harbour  of 
Carthagena^  Spanish  America^  the  fore-top-mast  was  knocked 

.    I.     T       -     -  -  •■  -  -  ... 

'  Bxtnoted  ffom  tiie  Log  of  tho  brig  BUrabikti  lad  givon  to  BIr*  Iiockyer, 
Comptrallor  oltlie  CastoiDs  at  Plysumtli. 

VOL*  iiif  F  y 
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Mr  ttdCf  tlM  iightelag  gMtmd  «r  .sM0|i6d  Its  my,  tM 
iiMlMt  deep  and  oneinck  and  a  half  wide,  under  the  hoops  of 

the  mast,  without  injurini;  thcm^  as  far  as  the  main  deck;  here 
it  fell  upon  the  wet  cable  which  had  been  just  shortened  in, 
and  was  lying  against  the  after  beam  \  \X  hnocked  out  a  piece 
of  the  bean,  and  paiaed  by  the  wet  caUe  ont  of  the  hame^ 
hoJe,  the  tead  of  whidi  bore  evident  matks  of  the  exploMom 
It  was  perfectly  cahn  at  the  time,  and  the  lightning,  besides 
striking  the  ship,  struck  also  down  upon  tks  sea  several  tioie% 
end  within  a  short  distance  of  the  ship. 

(n)  The  packet  ship  New  York,  in  her  pesiege  from  New 
York  to  Liverpool,  was  struck  by  lightning  twice  in  the  seme 
day,  April  19th  1827.  Tiie  first  explosion  shattered  the  main- 
royal-mast  and  mast-heady  penetrated  the  deck^  and  demolialied 
the  bulk-heads  and  fittings  in  the  stcre-rooms  l>ek}w^~thee 
dividing^  one  part  fell  upon  a  lead  tube^  which  it  travcned  as 
far  as  the  side  of  the  ship,  and  pasted  out  into  the  sea,  starting 
the  ends  of  three  four-inch  pl>uiksj  anuthei  poi  tion  passed  into 
one  of  the  cabins,  and  shivered  to  atoms  the  plate  of  a  JargC 
mirrorj  without  hurting  the  frame  |  after  this,  it  hll  upon  u 
piano>iforley.  which  it  touched  with  no  very  delicate  haiidi  and 
left  it  dismounted  and  out  of  tune;  thence' it  passed  through 

the  wliole  length  of  the  cabin  floor,  which  was  damp  at  the 
time,  and  out  of  the  stern  wiudows  iiUo  the  9ea« 

(o)  The  operation  of  the  second  explosion  wes  very  difr 
ferent  from  this  i — it  fell  upon  a  spike  at  the  mast-head,  and 
thence  passed  down  a  small  metallie  chain,  which  it  dis» 
jointed  and  partly  fused,  into  the  sea,  without  doing  any  damage 
to  the  vessel.^ 

(p)  in  Januaryi  189Qf  H.  M*  ship  £(na  was  struck  by 
tightning»  in  the  Corfu  Channel  in  the  Adriatie;  in  this  in- 
stance three  tremendous  explosions  came  down  a  metallic  chain 
attached  to  the  main-mast,  and  passed  into  the  i^ea,  without 
damage  to  the  vessel. 

It  may  be  observed  by  these  few  cases,  fir«t,  that  the  points 
io  and  firm»  which  the  electric  matter  eventually  passes  ere  out 
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of  the  ship ;  and  according  to  what  has  beeii  already  stated 
(13)  are  in  the  sea  arid  clouds,  hence  the  ship  is  merely  an 
intervening  object :  cases  g,     1^  more  particularly  show 

this,  '  Secondly,  thai  She  points  through  whieb  the  explosion 
is  detemined,  are  iavariahly  in  the  line  er  tines  of  least  resisi* 
ance  between  the  points  of  action,  that  is  through  the  best  con- 
ductors :  cases  n^  o,  more  particularly  iiius(ra(e  thi^  and  the 
Mine  may  be  traced  in  all  the  others.'  *  ' 
"  17«.  We  may  further  observe  in  these^  as  in  every  other 
case  of  damage  on  shtp*board,  that  the  greatest  misohief  occurs 

where  good  conductors  cease,  as  if  whilst  occupying  the  con- 
ducting substances,  the  electric  matter  b^ame  diifused  and  in 
a  low  i^te  of  tension^  and  was  again  concentrated  and  brought 
into  a  state  of  great  aetivity  at  the  instant  of  leaving  it }  thereby 
prodncing  all  the  disastrous  consequences  of  an  Irresistibly 
expansive  force.  The  damage  therefore  may  be  considered  to 
happen  not  where  the  best  conductors  are,  but  where  they  are 
not;  so  that  the  mariner  has  to  contend  with  a  constantiy-«x«4 
ploding  principle^  which  continues  its  devastations  in  all  those 
points  where  it  ceases  to  be  transmitted  :  thus  determining  for 
itself  a  passage  between  the  points  of  action  tlirou^h  such 
line  or  lines  as  may  upon  the  whole  oppose  to  it  the  least 
resistance. 

18.  These  efiects  being  constant^  not  only  on  thi}>*board 

bnt  on  shore,  it  became  a  grand  question  in  science,  how  far  it 
would  be  piudent  to  provide  an  efficient  conducting  line  for 
the  electric,  matter,  between  the  points  of  action,  so  as  to  offer 
the  lesist'possible  resistance  to  the  progress  of  so  powerfid  an. 
agency,  and  thus  transmit  it  as  it  were  in  a  state  of  low  tension 
to  the  sea  ;  on  the  same  principle  that  persons  dreading  an 
inundation  would  provide  a  channel  for  the  water  to  flow 
through,  with  as  much  ease  as  possible,  an  idea,  as  is  well 
known,  first  sugjgested  by  the  celebrated  Franklin,  and  since 
carried  into  practice  with  considerable  sncoess ;  the  coodnefr* 

*  The  only  action  which  can  he  conceived  to  belong  exclusively  to  the  ship  in 
that  dependiog  ou  ihv.  (tppcjaite  electrical  state  of  the  whole  mass  of  the  vessel, 
u  being  a  ^int  of  the  great  surface  opposed  to  the  electrified  clouds,  and  which 
ii  eTideiiily  of  littk  60&Ae%tte&ce  compared  with  ih«  immtmQ  (;8|iagit/  q(  ih9 
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ing  Kne  fiafktg  received  the  name  af  Uffktning-condu^or,  or 

light  jdng-rod, 

19.  The  objections  made  to  Exii|g  such  lightning-conductors 
ill  8hi))8«  are  such  us  have  been  against  the  principle  ge^ 
nerally,  and  are  Ibr  the  most  part  as  follows :— It  is  said,  that 

by  providing  ships  with  lightning-conductors  we  wciie  an  elec- 
trical discharge  fiuia  the  atinosphere,  and  that  by  means  of  an 
attractive  power,  which  it  is  assunjed  all  metals  possess,  tlie 
explosion  is  drawn  exclusively  upon  the  vessel,  when  otherwise 
•uch  would  not  occur  %  that  inasmuch  as  we  can  never  come  to 
know  the  absolute  quantity  of  electricity  which  may  be  dis- 
charged from  a  thunder-cloud,  it  is  possible  that  the  Transmit- 
ting power  of  any  conductor  we  can  apply  may  be  inadequate 
to  the  end  in  view,  hence  it  is  inferred  that  great  damage  msf 
be  the  consequence.  Such  are  the  powerful  objections  to  tho 
principle,  ivliic  li  it  is  hoped  are  fairly  stated;  they  are  highly 
deserving  ol  serious  consideration,  and  it  will  be  my  endeavonr 
by  a  candid  inquiry  to  give  them  all  the  attention  they  demand; 
keeping  in  remembrance  at  the  same  time  the  beautiful  apho* 
rism  of  Lord  Bacon^  Man,  who  is  the  servant  and  interpre* 
ter  of  nature,  can  act  niul  iiiMlerstaud  no  further  th;in  he  has, 
et/^er  in  operation  or  in  conieniplation,  observed  qf  the  fuet/iod 
and  order  of  mUwre** 

20.  The  notion  that  a  lightning-rod  is  a  postdve  evil,  will 
be  found  to  have  arisen  not  out  of  any  legitimate  knowledge 
acquired  by  actual  experience,  but  from  assumptions  or  partial 
facts,  such  as  that  above-mentioned  (16),  namely,  the  passage 
of  the  matter  of  lightning  through  the  line  or  lines  of  least 
resistance  between  the  points  of  action:  iA  consequence  of 
which  it  is  observed  to  fall  on  bodies  the  least  calculated  to 
oppose  its  progress,  such  as  metallic  vanes,  vane  spindles,  iron 
bars,  knives,  and  pointed  metallic  sulistances  generally  ;  all  of 
which  will  be  commonly  found  in  the  course  of  the  explosion. 
It  is  indeed  solely  from  this  circumstance,  that  metals  hate 
been  considered  to  attract  ligluuiug  and  draw  it  down  upon 
substances  in  connexion  with  them. 

21.  It  will  be  found,  however,  that  the  action  of  pointed 
metallic  bodies  is  purely  passive  ;  that  they  only  afford  by  the  i 
aptness  of  their  parts  an  easy  transmission  to  the  electric  mat-- 
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ter,  ivhicii  is  ia  fact  already  present,  and  is  operating  on  them 
ia  common  with  other  substances.    So  that  they  can  no  more 
lie  aaki  to  attract  exclusively  the  natter  of  lightniog,  tlian  a 
dyke  can  be  said  to  attract  the  water  which  necessarily  flowa 
through  it  at  the  time  of  heavy  rain ;  and  as  in  the  one  case 
the  water  is  drawn  down  h\  a  force  not  peculiarly  appertaining 
to  the  dvke.  so  in  the  other  case  the  electric  matter  is  deter« 
mined  to  a  given  point*  in  a  somewhat  similar  way,  by  a  force 
not  appertaining  to  the  metal*   Moreover,  it  may  still  farther 
be  reasoned  by  analogy,  that  as  the  quantity  of  water  trans- 
mitted will  depend  on  the  capacity  of  the  dyke,  and  the  final 
protection  it  gives  in  conveying  the  fluid  on  the  length  to 
which  it  is  coiititt«ed$  40,  on  the  other  hand,  the  protection 
afforded  by  a  lightning-rod  will  also  depend  on'  Us  capacity, 
and  the  distance  to  which  it  runs.    If  in  both  cases  the  length 
be  extended  until  the  force  in  action  be  satisfied,  the  protection 
received  will  be  as  the  capacity  -for  transmitting  the  current ; 
if  both  be  perfect,  the  protection  will  be  complete;  if  the  dyke 
be  not  present,  the  water  must  be  supposed  to  run  loose  and 
undirected  ;  or  if  its  continuity  be  frequently  interrupted  or 
narrowed  to  a  small  compass,  the  damage  must  then  be  sup- 
posed to  happen  in  the  intermediate  spaces.    Such  is  in  fact 
the  way  in  which  all  bodies  of  the  eondueting  class  already 
mentioned   (11)  operate  in  conveying  electrical  discharges  t 
and  it  must  never  be  forgotten  as  an  important  feature  in  tliis 
discussion^  that  whenever  we  erect  an  artificial  elevation  on  the 
earth's  surface  in  the  ordinary  way,  we  do  in  fact  set  up  a 
Conductor  of  electricity  upon  which  the  electricity  of  the 
atmosphere  will  fall,  and  no  human  power  can  prevent  it» 
Hence  if  metallic  bodies  be  present,  those  will  be  first  assailed  : 
if  .not,  then  the  electric  matter  will  fail  on  the  bodies  next  in 
conducting  power5  and  so  on. 

22«  A  curious  illustration  of  this  principle  will  be  firand  in 
an  extract  from  the  memoirs  of  the  Coimt  de  Forlnn,  which  is 
given  in  the  forty- eighth  volume  of  the  Philosophical  Trans- 
actions* In  the  night/'  says  the  author  of  these  memoirs, 
*Mt  became  extremely  dark,  and  it  thundered  and.  lightened 
dresdfully.  As  we  were  threatened  with  the  ship  being  torn 
to  pieces,  I  ordered  the  buiib  to  be  taken  in  j  we  saw  upon  dif- 


43B       On  th€  Protection    Skipi/rom  Li§hiau^^ 

ferent  parts  of  the  ship  above  thirty  St.  Hclmo's  fires,  amongst 
the  rest  there  was  one  upon  the  top  of  the  vane  of  the  main* 
mast,  more  than  a  foot  ami  a  half  in  height ;  1  ocdered  one  of 
the  tailors  to  take  it  down.  When  this  man  was  on  the  top  he 
hoard  this  lire;  its  noise  resembled  that  of  ired  wet  gunpowder. 
I  ordered  him  to  lower  the  vane  and  come  down,  but  scarcely 
had  be  taken  the  vane  from  its  place,  when  the  fire  fimtd  itself 
wpon  the  iop  qfthe  mmn  muH^  from  which  it  was  impossihie.to 
temoveit*** 

33*  Since,  then,  the  eondueting  power  of  bodies  differs  only 
in  degree  ;  and  that  the  action  by  which  they  are  ai»&ailed  is 
the  result  of  a  great  natural  agent,  quite  independent  of  them, 
we  may  expect  to  find  all  bodies  liahlir  to  be  assailed  bj  light- 
ning, though  the  effsets  may  he  most  appaient  when,  the  con« 
ducting  power  is  imperfect  Thus  we  find  eases  on  record,  of 
ships  struck  by  lightning,  in  which  no  metallic  spindles  were 
present,  or  other  iron-work  about  tiie  mast-head:*  moreover, 
it  is  by  no  means  an  uncommon  cireumstanee^  to  find  treea  and 
toeks  lent  asunder  by  liglitning ;  and  to  hear  of  men  and  quad* 
mpedsy  even  in  a  plain  and  open  country,  destroyed  at  the  time 
of  a  thunder-storm,  when  the  electric  matter  strikes  the  eartli's 
surface.  .  . 

24.  EMperunee  shows  that  lightning-rods  have  no  such  ate 
tractive  power  as  that  attributed  to  them;  and  that  slups  aie 
equally  open  to  atmospheric  electricity,  whether  furnished  with 
lightning-rods  or  not.  in  proof  of  this  position,  we  sl^all  cite 
the  following  cases 

(q)  His  Majesty's  ship  Milford  was  struck  by  lightnings  in* 
Uamottse,  in  Januaryj  1614,  and  the  temporary  mast  fixed  in 
her,  greatly  damaged*  This  ship  had  noi  a  lightning«cond«ic» 
tor  at  the  time;  but  there  were  many  other  sliips  clo8€  by^  and 
a  powder  niagaziney  all  armed  with  this  means  of  defence,  ter<* 
minating  in  points;  bmi  tkeee  were  not  aeemled  by  an  explo^on^ 
-  so  that  no  damage  whateirer  occurmd  lo  them. 

(r)  His  Majesty's  ship  Norge,  at -anchor  in  P6rt  Koyal 
harbour,  Jamaica,  June  1815,  was  severely  damaged  by  light- 


*  See  Philosophical  Transactions,  toI.  4P  and  69,  damage  doA^  tO  the  sIiMt* 
hulk  ttt  Plymoutb,  and  ea  board  Urn  Atlftij  East  ijidiaman. 
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niug,  so  that  she  was  completely  disabled  in  her  masts  and 
ngging .  Several  sUpa  surrounded  the  Norge,  but  mm  were 
aCrack  emqft  a  merduaU'sMp,  t0sAM»  Uke  4he  N^ffe^  had  mi 
a  lightning-conductor.  All  the  other  »hip»  had  Hglitning- 
conducturs  up  at  the  time.  Amonp^t  them  wa»  H.  M.  ship 
Warrior,  of  74  guas;  which  ship  was  iyiog  close  to  the  Norge« 
The  electric  inatler  was  obserfed^  as  appears  by  a  very  inter* 
MliagtieiDonnt  given  by  Admiral  Rodd>  absolutely  to  stream 
down  the  conductor  into  the  sea/' 

(s)  To  the  instance  already  given  of  H.  AI.  f^liip  Etna, 
aUuck  by  lightning  iu  the  Corfu  Channel,  (p)  may  be  added 
the  circumstance  of  U*  M.  ships  Madagascar  and  Mosquito 
being  also  neari  and  struck  several  times  %  the  former  having 
hud  her  fore-mast  and  mizen-top-mast  much  damaged. 

(t)  The  Heckingham  poor-house,  damaged  by  lightning, 
an  account  of  which  may  be  seen  in  the  Transactions  of 
the  Aoyai  Society,  was  struck  at  u  point  the  fwrtheet  re- 
moved from  the  cooduetots  with  which  that  building  wet 
furnished. 

(u)  In  the  14th  voluiiie  of  the  Transactions  of  the  Royal 
Society,  .there  is  a  similar  case  of  a  long  building,  struck  at  one 
endy  a  conductor  having  been  applied  to  the  other  5  that  is  to 
say,  the  lightning  ahe  h\\  on  a  point  ihefiirtkmi  removed  from 
the  conductor.  / 

(v)  The  case  of  the  New  York  packet-ship  (n)  (o),  is  also 
an  instance  ot  iightiiing  having  equally  fallen  on  the  ship^ 
whether  furnnhed  with  a  lightning-conductor  or  not. 

25.  It  may  be  further  remarked,  that  ltghtning*rods  have 
BOW  been  in  use  for  upwards  of  eighty  years,  and  applied  to 
every  magazine  in  Europe,  without  ill  coDsecjuences,  in  virtue 
of  any  attracting  power  assumed  to  belong  to  them  ;  and  like* 
wile  to  buildings  and  ehips^  in  abundance :  and  from  the  whole 
Miffse  of  experienecy  it  will  be  found,  that  atmosphefic  dis- 
charges have  almost  invariably  occurred  tvhere  lightning-rodB 
have  not  been  present;  that  in  the  cases  in  which  lightning-rods 
have  been  present  j  and  egmetUiy  appUed,  the  damage  has  been 
aivoidcd  altogethen  *  - 

26k  Some  further  appeal  Co  experience)  Irom  whkh  we 
should  never  depait  in  inquiries  of  this  kind,  will  illustrate 
very  sAtiilactofily  the  operatba  of  lightning-rods  as  a  suc- 
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cetsfiil  meain  of  defence  in  thunder  •storms— the  cases  (n)  (o), 

already a!luded  to,  are  striking  illustrations:  indeed,  if  a  great 
natural  experiment  could  have  been  instituted  for  the  purpose 
of  determining  the  utility  of  aUightning-Tod,  such  should  have 
been  the  conditions  under  which  it  should  have  been  placed* 
In  a  memoir  presented  to  the  Royal  Academy  of  Sciences  at 
Palis,  in  the  year  1790,  by  the  celebrated  French  pliiiosopher 
Le  Roy,  we  find  two  Frtuch  Irigatcs  successfully  protected  by 
lightning-conductors,  which  completely  disarmed  the  fury  of 
the  vivid  flashes  that  assailed  them,  and  transmitted  the  electric 
matter  securely  to  the  sea.    In  Nlr.  Kinnersly's  account  of  the 
stroke  of  lightning  which  assailed  Ah.  West's  house  in  Phila- 
delphia,^ we  find  that  the  lightning-conductor  effectually  per- 
formed its  office.    Charles'  church  and  steeple,  at  Plymouth, 
struck  by  lightning  a  few  years  since,  were  protected  in  a  simi- 
lar way ;  the  electric  matter  passed  down  in  a  dense  stream 
over  the  conductor  into  the  ground,  tearing  up  the  ground  in 
its  course.    It  is  worthy  of  remark,  that,  of  six  church  towers 
in  Devonshire,  struck  by  lightning  within  a  few  years,  the  only 
one  which  escaped  damage  was  the  church  at  Plymouth,  which 
last  was  also  the  am^  one  defended  by  a  lightning-conductor. 
The  cases  of  the  Warrior  and  Norge  already  mentioned,  are 
also  striking  instances.    In  the  fifty-second  volume  of  tlie 
Transactions  of  the  Royal  Society,  there  is  an  instance  men- 
tioned of  a  ship,  called  the  Generous  Friends,  twice  preserved 
by  a  lightning-conductor.   Captain  Winn  observed,  that  his 
chain-conductor  was  broken  for  a  short  distance  above  the 
ship's  side,  leaving  an  interval  of  about  three-fourths  of  an 
inch  {  over  this  space  the  electric  matter  was  observed  to  pass 
in  the  form  of  sparks,  during  two  hours  and  a  half,  at  the  time 
.of  a  thunder-storm.* 

27.  It  is  therefore  by  no  means  unreasonable  to  consider 
the  conducting  power  of  a  lightning-rod,  as  arising  not  out  of 
any  attractive  property  inherent  in  it,  but  from  an  action  purely 
passive ;  that  is  to  say,  the  removal  of  resistance  |  indeed  in 
the  case  of  a  vacuum,  or  rather  a  very  finely- exhausted  medium, 
Avhich  is  found  to  answer  the  same  purpose  ss  a  conductiiy 
hoiiy;  since  the  electric  discharge  is  freely  transmitted  through 
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it;  we  .must  neeessarily  admit  the  truth  of  the  above  principle; 
•the  conducting  power  here  evinced  must  arise  solely  from  the 
removal  of  a  resisting;  medium  5  for  what  is  equivaieiit,  in  a 
comparative  point  of  view,  to  the  absence  of  all  3iib«taace^ 
eaanot  be  supposed  to  i>e  endowed  with  any  peeutiar  or  posi- 
tive quality.  Now  the  circumstances  attending  the  conducting 
power  being  precisely  ihe  same,  whether  we  suppose  the  latter 
to  be  peculiar  to  a  void,  or  to  a  positive  substance;  it  is  a 
legitimate  deduction,  and  not  contradicted  by  any  known  fact, 
that  in  either  case  the  conducting  power  is  dependent  on  the 
same  cause  ;  and  is  therefore  a  negative  quality.  In  further 
confirmation  of  this  notion^  we  find,  that  an  artihcial  discharge 
will  rather  jump  over  an  interval  of  air,  than  pervade  a  very 
extensive  circuit  of  metallic  wire ;  that  .is  to  say,  when  the 
resisi»mee  of  the  metai  becomes  greaier  than  tJuU  oiered  by 
the  interval  of  air,  the  electric  matter  ivili  no  longer  pass  in 
the  best  conductor,  ior  it  is  no  longer  the  line  of  least  resistance. 

28.  With  respect  to  the  actual  quantity  of  electric  matter 
which  may  possibly  be  discharged  in  a  thunder-storm,  and.  the 
efiect  likely  to  be  produced  on  lightning  rods;  that  must 
altogether  be  determined  by  experience.  It  ts  by  no  means 
contended,  that  liglitning-conductors  opeiate  as  a  charm  or 
msirum;  but  that  they  are  a  useful  means  of  defence  against 
such  cases  of  damage  as  come  within  the  experience  of  maur 
kind  ;  not  against  convulsions  of  nature,  when  it  would  be  of 
no  great  consequence  whether  we  had  lightning-rods  or  not. 
It  is  therefore  against  such  cases  of  damai^e  as  raav  be  rea- 
sonably expected  to  occur,  tlmt  we  purpose  to  employ  lightning- 
rods.  Now  we  have  the  experience  of  nearly  a  century  to  guide 
us  in  this ;  we  do  not  find. in  any  case  of  damage  by  lightning 
at  sea,  that  a  quantity  of  metal  has  been  melted  equal  to  that 
contained  in  a  copper  bolt  of  half  an  inch  diameter  and  six 
inches  long;  or  otherwise,  an  equivalent  quantity  of  any  other 
metal,  more  easily  fused  by  electricity;^  on  the  contrary,  we 

-  <■   -  ■  I       -  -  -  ■        u     ■  -I  I  I         I  II  I  I  11  I  i»  tmm  Ml  ■  — ..  — 

^  It  Ims  been  neovM,  tliat  tlw  great  oooduetort  of  St.  Ptal's  dmreli  in 
loadon  hsd  bmvIui  of  having  boon  mmIo  red*bot  bj  lightning;  but  it  soeitts  oa 

consideratioo,  tbat  inasmuch  as  these  conductors  were  not  nuirteljr  Osmiiaodl 
^fionBly  to  the  Ugbtniiig  whieb  istuppooed  (0  have  fallen  on  them,  we  oaa 
serer  be  certaift  that  ^he  marks  were  not  there  origioally,  and  resulted  frcMn  tho 
forging  of  then :  aw^eoror,  it  is  liiffiottlt  to  .wsgiiie  tint  a  stroke  of  lightning 
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find  that  very  heavy  electrical  dUchaiges  have  been  trantmittcd 
ivithoat  fiialon^  by  smaN  ttiaMes  of  metal^^inoogtt  'many  in- 
•tances,  may  be  mentioned  the  following     In  tfie  explooiaa 

which  struck  Mr.  West's  house,^  the  lightning  fell  upon  a 
spike,  ten  inches  long  and  a  quarter  of  an  inch  in  diameter — 
anly  ihrt9  titdletof  the  fine  point  were  ftised*— The  spike  of 
the  cooduetor  on  the  packet^ip^  New  York^  and  on  which  a 
tremendoni  explosion  fell,  consisted  of  an  iron  rod,  fiior  feet 
long  and  half  an  inch  in  diameter ;  it  was  oaly  melted  near 
its  extremity,  for  si/ew  inches  ;  the  chain-conductor  consisted 
of  iron  wire,  of  one  quarttr  of  an  inch  in  diamater^  yct  only  a 
§t!W  of  the  links  were  melted.  In  the  ease  given  of  the  Stn% 
the  whole  explosion  seems  to  have  been  trimsmirted,  without 
fusing  the  coiuiuctor.  In  the  instance  of  the  church  struck  by 
lightning  at  Kingsbridge,  a  short  time  since,  it  was  observed, 
thai  the  fiash  which  rent  the  steeploi  passed  over  a  bell  wire  of 
abottt  two^nths  of  an  Inch  diameter,  withoot  fusing  it*  Ja 
the  ease  of  the  Plymouth  church,  the  conductor  was  not  fused; 
it  was  only  disjointed.  In  the  Transactions  of  the  Roval 
Society  for  1770,  there  is  an  instance  of  a  beii  wire  having 

r  -         '  '  '^i*  —  '      I  .  I 

«boiild  have  fallen  on  this  building,  capd>la  of  rendering  a  stout  bar  of  iron,  six 
inches  wide,  red-liot,  and  yet  not  have  annihilated  tlie  tliin  gilding  about  the 
ball  and  cross,  and  witlirmt  tbp  crash  of  the  thunder  having'  been  heard  over  the 
whole  city — no  mention  of  wliich  is  nmde.  When  St.  r>ride  s  ??teeple  w«» 
Struck,  such  was  peculiarly  remarkable.  If  however  we  i  dmii  tlie  evidence, 
it  is  highly  conclusive  as  to  the  value  of  lightniDg-couduclors;  since  the  former 
church  of  St,  Paul's,  not  defended  by  a  lightning-conductor,  as  twice  struck 
by  lightning,  and  much  damaged  :  and  it  would  also  tend  to  shorv^,  that  a  flash 
of  lightning,  capable  of  rendering  ban  of  iron^  six  inches  wide,  and  one  inch 
•ftd  •  hM  tUefc,  io4-liot,  cowU  mat  fino  tbo  SBnU  aus  of  Hun  copper  eorering 
tho  VtU*  Tho  original  hall  asd  ciom  on  wliidi  this  lightning  is  said  to  ii«ro 
iaUon,  msj  be  inspected  «t  tlie  Coliaeom,  London. 

There  is  another  case  et  tbe  elfeels  o^  Uglif aing  on  liln  Inci  rod,  ia  TtH  Royal, 
JiaialeS,  neatiosed  hj  Captain  DIMiii,  of  a  toetobant  Tesael;  and  fivea  aa  lie 
Txanaaetiena  «l  the  Rojal  Society ;  the  evidence  of  whiofc  is  b/  no  aeans 
complete.  Two  men  are  said  to  have  been  killed  by  a  flash  of  lightning  near 
a  church  watt:'— on  looking  inside  the  wall,  a  bar  of  iron  of  an  indi  tfaiek,  avi 
a  foot  long,  was  found  to  have  been  wasted  away  in  many  plaoea,  an  as  to  he 
reduced  in  size  to  a  fine  wire ;  but  it  does  not  appear  that  the  bar  was  diaMinod 
before  the  lightning  happened  ;  so  that  we  cannot  infer  that  the  lightning  was 
the  cause, — more  especially  fts  the  appearance  described  la  vcrv  common  on 
bars  of  iron  in  church-yards  la  this  eountiry,  and  which  has  evideniljr  boon  the 
retidt  of  oxidation  and  time. 

*FnctUe/'i  History  oi  £itctrici^«  - 
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jBOtiv^cd  a  charge  with  safety^  which  kaocked  down  a  chimney, 
mud.  did  olhcc  daouigei  and  iu  the  um»  valuable  work>  for 
1772,  thera  is  an  instanoa  of  a  bell  wire  having  resitted  Aision, 

in  all  the  doubled  or  twisted  portions.  A  liousc  was  btruck  at 
TeiiterdeUy  and  the  whole  flash  feil  upon  a  bar  of  hoUf  three- 
fourths  of  an  indi  square  |  but  produced  no  effect  on  Mr^ 
Caleodriiii  was  eyeHnritoeN  to  a  flash  of  lightning  whieh  sliuck 
a  bell  wire,  and  was  safely  transmitted  by  it ;  >  moreover^  we 
never  find  that  the  vane  spindles  of  ships  hecome  fused  by 
lightning,  it  is  very  remarkablci  when  the  conditions  are  fa- 
yourablej  how  very  sinaU  a  quantity  of  metal  is  equivalent  to 
transmit  heavy  eicetrical  accumulations*  Iu  the  great  experi^p 
ment  of  the  French  philosopher  M.  De  Romas,  an  aecount  of 
which  will  be  found  iii  IViestley's  liij»tury  of  Electricity  ;  the 
^iectric  matter  of  a  thunder-cloud  was  effectually  discharged 
over  a  smll  wire^  wove  in  the  string  of  a  kite;  and  wbieh 
became  sensible^  by  insulating  the  string.  In  this  ease,  the 
electric  (ire  assumed  the  shape  of  a  spindle,  eight  inches 
loni^,  and  five  inches  in  diameter," — another  time,  streams 
o£  hre^  which  appeared  to  be  an  inch  thick  and  ten  feet  long/' 
were  observed  to  dart  into  the  ground^  with  a  crashing  noise 
similar  to  thunder,  when  very  near* 

29.  Andrew  Crosse,  Esq.  of  Broomfields,  near  Taunton,  a 
gentleman  of  high  scientific  attainment,  has  employed  a  very 
extensive  atmospheric  apparatus,  from  which  similar  effects 
have  been  witnessedt  During  the  passage  of  a  thunder^eloud^ 
a  full  dense  stream  of  sparks  passes  to  the  receiving  ball,  which 
at  every  flash  of  lightning  is  changed  to  an  explosive  stream, 
accompanied  by  a  peculiar  noise  ;  and  it  has  been  well  ob- 
served by  Mr.  Singer  that  during  thi^  display  of  electric 
power,  so  awful  to  an  ordinary  observer,  the  electrician  siti 
quietly  in  front  of  the  apparatus,  conducts  the  lightning  in  any 
required  direction,  and  employs  it  to  fuse  wires,  deeonipose 
fluids,  or  fire  inflammable  substances;  and  when  the  etiectii 
become  too  powerful  to  attend  to  such  experiments,  he  then 
^ouneets  the  msulated  wire  with  the  ground,  and  transmits  the  . 
neeumulated  electricity  in  silence  and  safety/'* 

,  TnuQi*  R.  S.  s  Ibid. 

*  TkB  snUiority  of  Pvoliesaor  Leslie  haa  been  quoted  by  some  writers  afslntt 
ligklaiBg«€oiidaet0fSi  ha%  tWs  sMiaiat  pUtosopbsr  liss  twQ  bigb  s  scecsptioa  sif 
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90.  The  utmost  tbat  can  be  urged  m  die  shape  of  objectioit 
to  the  use  of  lightning-rods,  is  the  circunstBAce  of  their  con- 

frtiLiihng  an  easv  Imc  of  discharge,  so  that  the  electrie  matter 
of  a  thunder-cloud  may  be  imagined  to  fall  upon  a  ship  in  con- 
sequeace  of  such  a  Une  being  present,  when  otherwise  it  would 
remain  without  a  striking  disUnee;  bat  'this,  a3  already  oh* 
eerved  (2  2),  is  an  objection  purely  hypothetical,  and  in  no  waj 
deducible  i'lom  exptji  iouce,  for  although  it  is  admitted  that  the 
discharge  is  greatly  facilitated  by  the  use  of  continuous  con- 
ductors, and  the  electric  action  thereby  more  rapidly  dissi- 
pated ;  yet  it  by  no  means  fellows,  that  without  such  con- 
ductors it  would  remain  quiescent ;  die  intense  forces  in  opera- 
tion in  a  thunder-stoiui  exerted  immediately  from  the  earth's 
surface  upon  perhaps  twenty  or  thirty  thousand  acres  of  elec- 
trified clouds,  are  never  so  nicely  balanced  as  to  be  overset 
by  the  mere  presence  of  a  hne  of  metal  in  a  particular  spot. 
Tbe  thunder-storm  which  occurred  at  Plymouth,  on  the 
21st  of  May  last,*  is  in  point  litre;  during  the  storm  his 
Majesty's  ship  Caledonia,  having  fixed  lines  of  metals  in  her 
three  masts  and  bowsprit,  was  under  sail  in  the  Sound.  The 
lightning  struck  very  frequently  in  vivid  and  concentrated 
sparks  immediately  upon  the  surface  of  the  sea,  without  ap- 
proaching the  ship,  about  the  same  time  it  struck  repeatedly 
upon  the  distant  hills,  and  split  open  some  heavy  masses  of 
granite.   In  all  these  cases,  therefore,  it  must  never  be  for- 
gotten,  that  the  action  extends  over  a  vast  surfiice,  aud  that 
the  immediate  point,  or  points,  in  which  the  electric  fluid  strikes 
is  rather  dependent  on  the  weaker  state  of  the  intervening 
insulating  air,  or  on  the  forces  exerted  in  such  point  or  points 
(13),  than  on  the  presence  of  metallic  substances  projecting  for 
a  comparatively  short  distance  into  it ;  the  attractive  forces 
by  which  the  discharges  are  occasioned  being  proportionate  to 
the  amount  of  the  disturbance  of  the  electrical  distribution^ 


great  natural  causes  to  reason  in  the  confined  way  nUnbuted  to  him.  It  is  trne, 
that  from  some  very  iugeuious  researches  ou  the  nature  of  electricity,  he  is  ltd 
to  believe  that  lightning-rods  are  not  of  great  avail ;  hut  he  considers  them  to 
i|iiile  harmless,  and  ol»senres,  "  that  ihej  yrwoke  the  shaft  of  heaveu  vi  tha 
mggsstioa  of  sufentUion  rstber  tlian  of  tdenee" 

*  In  the  year  1831. 
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previouslv  existing  and  being  constantly  in  operation^  whether 
the  ship  be  present  or  not,  or  whether  furnished  with  lightiiing- 
jTods  or  not,  as  we  have  already  showa  by  the  abcnre-mentio^d 
.cases  (n)  (o)  (q)  (r)  (a). 

dl.*  Moreover,  the  mere  discharge  of  an  electrical  accamii- 
lation  will  take  place  eventually  to  the  same  extent  through 
the  less  perfect  conductors  as  through  metallic  bodies,  the  dif- 
ference being  only  in  the  rapidity  of  transmission  (11).  Thus 
B  glass  tube  filled  with  water,  or  a  pointed  piece  of  wood^  dis- 
charges a  highly-charged  electrical  jar  when  placed  near  it,  as 
ciFectually  as  a  uietallic  rod,  but  not  so  rapidly;  it  is  in  fact 
from  the  slow  transmission  that  the  damage  to  the  less  perfect 
conductor  so  frequently  ensues ;  the  electric  action  not  beings 
equalised  with  such  rapidity  as  to  prevent  its  operation  in  an 
aecamulated  form ;  the  more  perfect  the  transmitting  power, 
therefore,  the  less  the  chance  of  damage,  as  exemplified  ia  the 
same  instances  (n)  (o)  (q)  (r)  (s). 

-  32.  The  amount  of  what  has  been  advanced  concerning  the 
operation  of  Itghtniag-pvotectors  is  as  follows  t-^Conductora  of 
electricity  remove,  by  the  aptness  of  thdr  parts,  that  resistance 

to  tlic  ])assage  of  the  electiic  agency  which  it  would  otherwise 
experience ;  that  consequently  their  action  is  purely  passive  j 
so  that  they  can  no  more  be  said  to  attract  or  draw  down  the 
tnatter-of  lightning  than  a  dyke  can  be  slud  to  attract  the  wat»r 
which  of  itself  finds  its  way  through  it:  that  such  passive  action 
cannot  be  fairly  urged  as  an  argument  against  lightning-rods, 
which  operate  only  in  conveying  away  the  electric  matter  when 
it  falls  on  them :  that  we  must  therefore  make  a  great  distinct 
turn  between  Ughimng^attrBCUiTB  commonly  so  called,  and 
hghimng-proteehrs :  that  inasmuch  as  all  the  materials  of 
which  a  ship  ii>  composed  are  calculated  to  transmit  electri- 
city^ and  that  detached  masses  of  met€U  are  necessarily  found 
amongst  them,  and  that  too  in  a  prominent  way,  such  as  sUd*^ 
diug^sail  boom-irons,  spindles,  iron  hoops^  &c.  te«  -we  have 
such  passive  attractors  already  present :  that  if  we  were  even 
to  reniuve  them,  ihe  substances  next  in  conducting  power  would 
supply  their  place  (22) ;  that  finally  the  continuous  lightmng'* 
protector  is  applied  to  prevent  the  mischief  which  always  occurs 
when  the  electric  matter  finds  its  own  way.  by  main  force  (17)* 
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Seeing  therefore  that  we  hare  no  power  to  avoid  or  remt  a 
stroke  of  lightning  (23)^  it  must  be  considered  extremely  for* 
tuuate  that  we  have  the  power  to  control  it.  The  beat  method 
of  effecting  thia,  will  be  the  aubject  of  anothcf  Qoiiimiiiilc«tio«« 


Aet.  XXXVIIL-.(WaiQiit  jprqpoMcr  by  the  Ftmusk  Kmtltf* 
Marmtffor  a  Public  Competition  for  Plans  for  Circular 
Stems  to  Line-of-Battk  Ships  (md  Friffoies*   (From  the 
Annalea  Maritimea.) 

Tns  system  of  having  the  sterna  of  ahipa  of  a  circular  ^orm, 

possesses  the  advantage  of  aua^menting  the  8tren|:;:Lh  of  that  part 
of  a  ship>  and  at  the  same  time  increasing  its  means  of  defence. 
Ill  aom  of  the  sterna  lately  built  on  this  princifdat  a  phm  hm 
bafn  adopted  in  which  a  part  of  the  inoonvewmicca  of  die  oM 
system  are  still  retained ;  in  others^  the  desire  of  rendering  the 
stern  ornamental,  has  caused  the  considerations  of  strength  and 
defence  to  be  loat  sight  of ;  in  tkta  ease  the  adh^on  of  the 
cireolar  form  for  aterm^  woold  poMM  inoonTanioiieo  wilbout 
utility,  and  aasenUal  advantages  would  be  aacrifioed  to  a  fiwiiali 

fancy  for  exterior  decoration. 

To  counteract  these  errors,  the  minister  of  marine  has  iosti* 
toted  the  following  sul^ect  for  public  competitioil* 

To  Amlah  the  best  plana  for  the  drai^  aierna  far  Kae^fh 
battle  ships  and  frigates,  with  all  the  oKterior  and  interior  fit* 
tin^,  the  manner  of  disposing  the  timbering  so  as  to  combine 
tlie  ueoeasary  conditions  for  defisace,  with  strength,  lightue&s,  a 
diipeiaion  of  the  weight  in. proper  proportion  to  the  diapbwe* 
mant  of  eaeh  part,  the  eScieney  of  the  rudder,  the  convonieaee 
of  the  water-closets,  and  the  general  suitableness  of  the  aceom-^ 
modations. 

This  manner  of  fitting  the  stern  must  possess  facUitiea  far 
cnaUing  the  commandant  to  be  awaie  of  wliotevar  manemvrea 

may  be  in  progress,  without  being  obliged  to  appear  on  deek. 

The  style  of  ornament  whicli  it  would  be  proper  to  adopt,  as 
well  for  the  forward  as  for  the  after  parts  of  these  new  con* 
atruetiona,  is  also  to  be  described*  The  competitoia  are  to 
remember  that  nothing  of  importance  is  lo  ba  at  all  tacnfioad 
to  these  decorations^ 
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The  side  of  the  ship  at  the  stern  must  have  the  same 
ihiiduiees  as  at  the  corresipondiog  places  in  other  part^  of 
thlpt  Tho  ports  must  be  ao  disposedi  Uuit  it  my  be  easy,  oa 
mh  deck^  to  bring  gun«  to  bear  right  aft,  and  on  the  angle* 
of  the  quarten,  to  command  those  points  which  the  other  guna 
cannot  be  brought  to  bear  upon. 

The  rudder  may  be  htted  either  without  board)  or  within  with 
a.  ctrcular  headj  hut  reasons  must  be  given  for  whichever  plan 
may  be  proposed.  Reasons  also  are  to  be  stated  for  the  station 
which  may  be  proposed  for  the  water-closets,  whether  they  are 
fitted  interiorly,  or  in  an  exterior  gallery. 

The  officers  of  the  different  branches  of  the  naval  service  are 
called  upon  to  send  their  proposaU  to  the  minister  befoit  the 
1st  of  July,  1832«  Qthar  persons  wishing  to  become  competitors, 
are  eligible  to  do  so. 

The  memoir  in  which  each  competitor  explaiiiJi  his  proposals, 
must  be  accompauied  with  all  the  calculations  and  drawings 
which  may  be  necessary'  to  render  his  plan  perfectly  complete^ 
and  intelligible  in  all  its  details. 

Bach  proposal  must  have  n  motto  afHxed  tu  it,  of  vvLicii  a 
copy  is  to  be  enclosed  in  a  sealed  letter,  containing  also  the 
name  and  place  of  residence  of  the  proposer. 

A  medal  of  the  value  of  ^00  francs  will  be  given  to  the 
author  of  the  best  memoir  presented  to  the  Minister  of  Marine 
befoie  the  stated  period, 

 * 

AiiT.  XXXIX. — J  List  of  the  Patents  which  have  been  taken 
out  since  the  1st  of  January,  1831,  for  Inv^tiom  or  Im^ 
pravements  comected  with  Naval  AJfiairs, 

To  John  Revere,  of  Weybridge,  in  the  county  of  Surrey, 
doctor  of  medu  ine,  for  a  new  and  improved  method  of  pro- 
tecting iron  chain  cables,  iron  boilers,  and  iron  tanks,  from 
the  corrosion  produced  upon  them  by  the  action  of  water 
Dated  November  27th,  1830, 
To  William  Church,  of  Haywood  House,  in  the  county  of 
.  Warwick,  esquire,  for  certain  improvements  in  apparatus  appli- 
cable to  propelling  boats  and  driving  machinery  by  the  agency 
of  steam.;  parts  of  which  improvements  are  also  applicable 
to  the  purposes  of  eviqp^itttion<  Dated  November  29tb^  1880* 
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To  Samuel  Brown,  of  Billiter-sqaare,  in  the  city  of  London^ 
ieomniander  in  the  Royal  Navy,  for  certain  improvements  in 

the  means  of  drawing  up  ships  and  other  vessels  from  the  water 
on  land,  and  for  transporting  or  mooring;  ships,  vessels,  and 
other  bodies  on  land,  from  one  place  to  another.  Dated 
December  6th,  1830* 

To  Richard  Wilty,  of  Basford,  in  the  parish  of  Wolstanton, 
in  the  county  of  Stafford,  esquire,  for  certain  improvements 
in  apparatus  for  propelling  carriages,  boats,  or  vessels,  and 
for  other  purpgses^  by  the  power  of  steam.  Dated  December 
Idth.  1830. 

To  Samnel  Seaward,  of  the  Canal  Iron  Works,  in  the 

parish  of  All  Saints,  Poplar,  in  the  county  of  Middlesex, 
engineer,  for  an  improvement  or  improvements  in  apparatus 
for  ecouomizing'Steam,  and  for  otlier  purposes,  and  the  appli* 
cation  thereof  to  the  boilers  of  steam-engines  employed  on 
board  packet-boats  and  other  vessels.  Dated  January  15  th, 
1831. 

To  And  l  ew  Smith,  of  Princes-street,  Leicester-square,  in 
the  parish  of  Saint  Martin's  iu  the  Fields,  and  county  of  Mid- 
'diesex,  engineer,  for  certain  improTcments  in  machinery  for 
propelling  boats  and  other  vessels  on  water,  and  in  the  manner 
of  constructing  boats  or  vessels  for  carrying  such  machinery. 
Dated  January  22d,  1831.         ^  ^ 

To  William  Peeke,  of  Torquay,  in  the  parish  of  Tormsham, 
in  the  county  of  Devon,  shipwright ;  and  Thomas  Hammiek, 
of  the  same  place,  ship-smith,  for  certain  improvements  in 
rudder  hangings  and  rudders  for  ships  or  vessels.  Dated 
March  21  St,  1831. 

To  John  Wallace,  of  Leith,  brazier,  for  an  improvement 
or  improvements  upon  the  safety-hearth  for  the  use  of  vessels. 
Dated  March  31st,  1831. 
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Article  I. — Chapman*s  Work  on  Sh^s  of  War,  translated 
from  the  Swedtsk^  by  Wm.  Morgan,  qf  Mia  M4^ty*s  pock- 
yard  at  4S%e0nieM«*(Continued  from  page  388^  voK  3.) 

Chaf.  XVI. 

I 

51.  Tab  parabolic  method  of  coastniction  will  bd  now 
applied  to  the  construction  of  frigates^  as  it  has  been  to  ships 
of  the  line ;  namely,  of  a  frigate  of  40  guns,  one  of  32,  and 
another  of  20  guns^  also  of  a  brig  of  8  guns.  The  determi- 
nation of  the  displacements  will  be  found  iurther  forw|srd  in 
this  work,  where  general  rules  are  given  for  a  greater  number  of 
frigates,  according  to  the  parabolic  method  of  constrUcUon. 
Likewise  a  frigate  of  52  guns  will  be  inserted  first  in  the  Tables, 
formed  according  to  the  same  method.  The  most  important 
elements  which  are  necessary  in  the  construction  of  these  f  essels 
are  found  in  the  following  Table,  For  the  proportions  ^f  the 
frigate  of  52  guns,  which  are  marked  *,  the  rules  inserted 
have  not  been  used* 
you  IV*  B 


Digitized 


Chc^pmm*$  Wwk  on  Ships  0/  War, 


.jr  »• 


r<  00 


00 


00 


O  — 


*0  M 


'vT  GO  1^  O 

M  M 

o  <^  c<«  cc 


• 

00 


»n 


»rj  C4  1^  (NO  00 
oc     .  -;  ro    r>  C< 

1%      ^     «      «     ri.  ^ 


CO 


oS«S2    «o    toil  li 

CC      CO      CO  Ol      Ol  CO 


«J  ^  —  irt 

<0  «     to  Ot      V  9)  C« 

^  ^   CO  M    <o«o  •<» 

CO 


In,  r>«  r«.  IS.  e«  CO 


o  at 
%n  — 

00  ^ 


2!  ^' 

O  In. 

e«  fr^  ^ 

«  «> 


CO 

10  >o  00 


to 


o  o     vc        «>.    «v  — i     CO    r>.     a*     <N  »>.  w 

5-  --rf  &  R  «  5  s"  :s  S 

^  ■-»    ^  1^  «j 


1  + 

II 

g 

3 

§  ■• 


a 


es 
IF 

■5 
'o 

« 

*> 

4) 
u 

a* 

a 
o 


PO 


o 

9 
0 

8 


s 


O 


o 


a 

p 


ho 
*3 


Digitized  by  Google 


C^pmofi^  Work  <m  8h^ 


s 


n 


Cm 

'ft 


§2  ^ 


c 

3 


o 

a 

he 

&4 


9  • 

*  3 


to 
•-^  f>H 


«»  «     K  » 


CO 


OD  0>  O  O 


sols. 


C3 


-  "J*  M 


.       -O       '3D  CO  ^ 


©        aC  '"T 
CXI 


in 


II 


O  o 


Off-.  —  i-^OOtC-^iOVO 


II 


<C  ts.  lO  — *  iO  II-;  ®  O  'N  —  O 

woo 

•-«a»te^«i»e«p«oooo 


:2  *5 


O  = 


<3 


w 

c 
s 
bo 


J) 

3 

3 

O 

Q 


O  3 


1/  — ■ 

*->  - 

CO  3 

O  ^ 


4J 


0<  »0  CO      QO  — •  »C  I-..  t-N. 

^  «5  00  Oi  ©  —  <N  CI  <N 

^  i-it  C4 


ea 
O 


O»oo*^eg»ft»oi>»f0-^ 

Io  w>  o  O  I".  C<  o  t>» 
^     00  9  »i  ^  C«  e«  04  *^ 

^    piq  n  d 


II 


•»  o  ^  < 
33  ^  ►*« 


©»0  000'^Ot>»^0©V5 
©lO  iT;  —  ^c^foeovc©ef3 

O  .'M  -£5      ^  ©      ff>  O  «5  tC 


4)  O 


fl  n 


««  «  s 


D 


©«N»owooo-i-«(N  IN  ci 


3  2- 


£|J  a»     »f5  e*s     ^  ©"©' 


-3 

to  >^ 

II  1! 


OS 

5 


© 
+ 

© 


to 

B 
1 


CO 
© 


»>. 

Ok 

© 

II 


M 
an 


I 


A 


CO 
CO 
CO 


II 


b2 


Digitized  by  Google 


auqmm*$  Werkfrn  8k^  qf  War. 


o 
o 

S 


a 

& 

o 

C3 

•c 


«  T 

6«= 


o  et  ^  « le  «e       *o  ^ 


u 


O  —  00  XI  iC  o  o         o  ^2 


II  •< 


0  a 


t>»  QD        lO  ^ 
'-^  l>>  O  3)  t>> 

_         •*        #w       M       M       *  ^ 


O  04  ^ 

o  <c  ©  —  o 

•fc    •*    *  • 


a)  Q  tr 
—   U  1 


I 


1 


00 

o 

104 


,  «3  -S  ro,       C-l  34 

^^flO     4»  to  «     «^  *^ 


o»  w  00  vo  •*ifr*^«<'^«t*'ii^ 

Pk     M     «k      K     *     *     4  _^ 


1^ 

o 

o 


9) 


O 


erj 


+ 

o 
B 


la 

a 

CO 

o 

(i4 


•A  "7* 


< 


©  O  iO  e«  3>  oci  "^^  - 

o  p«*     ©  o  ao  ^  00  —  : 


O      '"^      '-'^      00  «©  »>» 


CO  a<  o  " 

C  =  •  -  H 

^  ^  Si  I 

u  - 


o  « 


©»N,c4toc«5ooto«<ee«--« 
©eoC*toaooDO€»?-<accD 

©C5«<N'^<M<©«>.'«f»>.iS 


< 


O  »fT  "O  CO  O  »0  >r;  00  n 

O  «0  tx.         »^  ^ 

cTi-^'errtfr©  tCoo  00  O)  9>  o> 


Ok 

-I, 

+ 


o 


I 


H 
I 

o 

S' 


COC5?cootx'r!rcc3DOOLOO 
o  crj  C  I      c»  —  ir^  • o 
CO      ^  C^3^;,  ^  "^I'^X*- 1 
^iCo  "^C< -^-^O  O  O  C5 


-13 

o 


e 


> 


+ 


o 

CM 


II 


Digitized  by  Google 


Chtgnium*s  Work  on  Ships  qf  Wan 
Tablb  No.  40. — {continued,) 


Bng  of  8  ^ns. 

yj  nii- 
nate 

OpAinates 

of  line  of 
sections 

Half  areas 
of  sections 

^n.h  = 

10,32.  A 

Orriinatcs  Cof 
ribband-liue. 

Forward*  | 

Abaft. 

10 
9 
8 
7 

6 

4,183 
3,353 
2,618 
1,978 

0,000 
0,830 
1,510 
2,205 

0,00 
8,57 

22,76 

0,00 
1,64 
2^0 
2,86 

0,00 
1,40 
2,06 
2,66 

5 
4 
3 
2 

0,976 
0^4 

3,207 
3,849 

33,10 
39J2 

3,56 
£98 

3,46 

1 

e 

0,000 

4,183 

43,17 

4,183 

4,183 

Forward 

Abaft 

C  *  0,213. A  +  0,787  Vh* 

3.A  +  0,547  Vh* 

The  drawiiigs  which  are  constructed  according  to  these  cal- 
culations are  found  in  plates  XX,  XXl,  XXII,  XXIII,  and 
XXiV.  Each  frigate  has  two  plates  with  the  same  number* 
The  sheer-draughts  are  marked  A,  and  the  body-plans  S. 

The  measurements  are  then  taken  from  these  drawings,  and 
their  results  inserted  in  the  following  Table. 


Tablb  No.  41. 


Displacement »  D  

Centre  of  {^navity  hofore  middle  ofl 
water-line  of  cou6truction  (  ....J 
Ditto  before  middle  of  water-line  Ij,  . 
Half  aicA  of  upper  water  lectioii  m  ^ 

Centre  of  gravity  of  dif placement  1 

be!t)w  upper  water-line  =  ^  ....  J 
Metacentre  above  water-linej»— 


52 


66788 

2,451 

2,076 
3196 

13,54 

6,22 
7,32 


40 


46862 

2,254 

1,869 
2582 

12,454 

5,459 
6,995 


32 


30498 

2,053 

1,678 
1988 

lli^9 

4,66 
6,979 


20 


20221 

1,815 

1,440 
1536 

10^767 

4,022 
6,745 


8 


3817 

1,258 

0,883 
639,4 

7,868 

2,263 
5,605 
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52.  From  the  calculations  of  the  effect  of  the  water  in  op- 
posing the  motion  of  the  two  frigates  of  ^0  guns,  the  one  con- 
structed by  the  relaxation-  Hue  and  the  other  by  the  parabolic 
method^  it  is  found,  that  on  the  former  the  resistance  of  the 
water  forward  Is  =  24S957>  and  the  force  of  cohesion  abaft  is 
as  345,49,  the  sum  of  which  is  2805,19 ;  and  on  the  latter 
the  resistance  of  the  water  forward  is  =  2405,  and  the  force 
of  cohesion  abaft  is  =  470,92,  the  sum  of  which  is  =  2875,92. 
Consequently^  if  the  little  difference  of  the  resititances  on  the 
bowB  of  these  two  ships  is  neglected,  so  that  they  may  be  con- 
sidered equal,  then  the  excess  arising  from  the  inequality  of  the 
force  of  cohesion  abaft,  ia  on  the  whole  not  more  by  the  para- 
bolic niethodj  tiian  about  one-twentieth  part  of  the  greater 
resistance. 

That  the  application  of  the  relaxation-line  does  not  conduce 
more  to  fast  sailing,  may  be  inferred^  it  appears,  from  what 
follows. 

With  a  new  frigate  of  40  guns,  in  which  the  relaxation-line 
was  so  applied  that  it  should  produce  the  greatest  elfect  pos- 
sible in  diminishing  the  force  of  the  cohesion  of  the  water  abaft, 
an  experimental  cruise  was  made  last  summer,  1803,  under  my 
inspection,  in  the  Baltic ;  and  I  let  some  trials  be  made,  in  an 
ordinary  and  steady  topsail  breeze  and  in  smooth  water  close- 
hauled,  but  not  nearer  to  the  wind  than  from  7  to  G|  points, 
and  sailing  at  about  9  knots ;  I  gave  the  frigate  a  greater  or 
less  difference  of  draught  of  water,  by  a  certain  quantity  of 
pig-ballast,  which  was  placed  for  the  occasion  in  midships  on 
the  orlop  deck.  It  was  found  by  a  constant  use  of  the  log- line, 
that  its  velocity  was  something  greater,  when  it  sailed  at  the 
Water<*line  drawn  on  the  draught,  than  when  it  had  more  of 
less  difference  of  draught  of  water,  which  confirms  the  tnith  ol 
the  theory  I  but  when  tried  in  a  high  sea  there  was  no  difference 
ill  the  velocity.  It  should  likewise  be  remarked,  that  this 
frigate  was  not  coppered,  which  certainly  increased  the  dif- 
lerence;  but  in  all  cases  it  should  be  concluded,  that  the 
form  which  is  produced  by  the  application  of  the  relaxation^* 
line,  in  respect  to  fast  sailing,  is  of  little  consequence,  and 
that  its  application  to  the  construction  of  ships  may  be  omitted; 
but  the  method  of  calculating  the  effect  of  the  water  in  op- 
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posing  the  course  of  a  ship^  will,  nevertheless^  in  all  respects 
remain  the  same,  and  more  especially,  as  it  cannot  be  omitted 

in  the  loiiiiiiiioii  ol  a  ship  of  the  liDe."^ 

53.  The  frigates  inserted  in  the  ioregoitig  section  51,  are 
given  as  examples  of  construction  by  the  parabolic  met«iod ; 
but  as  there  are  many  different  services  for  which  frigiites  are 
required,  a  considerable  number  are  inserted  in  the  following 
table,  some  of  whicli  it  is  presumed  will  be  found  there  adapted 
to  the  purpose ;  but  if  vessels  of  any  other  kind  of  armameaty 
6sc*  than  given  in  this  table,  are  required^  all  their  propor- 
tions can  be  obtained  from  the  given  expressions;  and  the  same 
method  of  eonstroction  can  be  used  for  all  ships  and  veisels,  of 
any  magnitude  and  intended  lor  any  purpose.  A  parallelopiped 
will  in  the  first  place  be  formed,  for  these  vessels  as  for  ships 
of  the  line,  from  the  displacement,  and  thefice  the  pilrabolic 
element;  the  rest  follows  in  the  same  order* . 

1  Whtt  it  obaerred  alMMit  the  middle  of  tbe  8di  tebtito  on  the  resletaaee  df 
the  wfttflf  on  Indies,  in  the  Transactiona  of  the  Royal  Academy  of  S^ieotea," 
Met  not  be  negteeCed  to  he  retoaiked,  namely,  "  That  the  irater  on  tiie  wind« 
ward  aide  of  the  after  pert  of  e  ahip,  has  •  eonaideiahle  effect  in  bringing  i  ebip 
«p  to  the  wind,  &c/'  which  wat  experienced  in  the  ardency  of  the  jtut^tten* 
tiooed  frigate  of  40  guns,  whi^  ariaes  paikiy  frcnn  the  diminution  of  tiie  Ibiee 
«f  ooheaion. 
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In  case  it  is  required  that  either  of  these  vessels  feliall  have 
a  greater  area  of  sails;  then  a»  (he  distance  betweea  the  centre 
of  gravity  and  the  metacentre  is  greater,  and  consequently  the 
distance     is  so  much  the  greater ;  and  put  the  new  value 

p  =  p\  i'o  hii<i,  therefore,  the  new  breadth,  a  different  cxpree- 
siqn  Ironi  that  in  the  table  must  be  given  for  finLlini;  the 
moment  of  stability  Si  ^  which  is  the  same  as  for  ships 
of  the  line,  but  adapted  to  frigates  \  namely,  S\y^  i  x  = 

*  ■  *      ■ —  5=         hence  the  new  half  breadth  5  == 


Tlie  situation  of  the  centre  of  gravity  appears  thus 'to  be 
much  higher  above  the  water-line  in  frigates  than  in  ships  of 
the  line,  which  arises  not  only  from  the  weight  of  the  masts, 
yards,  and  rigging,  being  greater  in  relation  to  the  displacement 
in  frigates  than  in  ships  of  the  line,  but  also  from  frigates  being 
sharper  in  the  bottom. 

As  it  is  not  necessary  to  be  so  particular  as  tp  the  depth  of 
smaller  vessels ;  and  as  these  vessels,  on  account  of  their  light 
weight,  possess  little  power  to  continue  their  way  when  they  luff 
up  to  come  to  the  wind ;  and  as  it  is  especially  necessary  that 
in  coming  about  they  shtiulJ  have  as  much  wav  as  possible, 
which  takes  place  when  the  centre  of  gravity  is  iu  or  near  the 
middle  of  the  length  of  the  water-line  of  the  teasel ;  and  as 
both  ends  are  equally  full,  a  considerable  diflference  of  draught 
of  water  abaft  must  be  given,  by  which  the  after-displacement 
is  increased  below,  and  is  correspond i!)e:ly  decreased  at  the 
water-line,  by  which  the  stability  is  somewhat  diminished, 
which  can  however  be  compensated  by  an  increase  of  breadth 
in  midships ;  which  always  determines  itself  in  the  construc- 
tion of  the  drawings.  The  centre  of  effort  of  the  sails  should 
then  come  lui  tiier  aft,  which  also  conduces  to  the  vessel's  rea- 
diness in  coming  about. 

It  is  seen,  as  well  from  this  Table  as  from  Table  No.  33, 
that  although  shipe  of  the  line,  as  well  as  frigates,  are  formed 
by  rules  founded  on  the  same  principle,  they  nevertheless  vary 
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much  ill  respect  to  their  form. — Compare,  for  instance,  the  0 
section  of  ihe  ship  of  110  guns  with  that  of  the  brig  of  8  gunsi 
and  it  will  be  found  from  their  exponents  that  there  is  no  simi- 
larity between  them  ;  when,  therefore,  the  length,  breadth,  and 
depth  of  a  ship  are  given,  and  the  displacement  within  these 
limits,  safe  ^nd  constant  rules  can  he  formed^  by  which  the 
drawings  can  be  constructed. 

A  constant  method  of  constructing  the  drawings  is  thus 
obtained,  which  is  denominated  the  Para-bolic  Method  of 
Construction,  (see  §  40.,}  which  is  applicable  to  all  sorts  of 
ships  and  vessels,  of  every  armament  and  for  every  purpose 
without  exception;  and  will  be  found  as  indispensable  to  a 
person  forming  a  ship's  drawings,  as  logarithms  are  to  a 
inutiiematician* 
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t 

APPENDIX. 

ON  GUNS  AND  TRAVfiRSfi  CARRIAGES. 


On  Guns. 

• 

;  It  may  be  inferred  from  what  has  been  said^  that  a  ship  of 
war  is  to  be  regarded  solely  in  relation  to  its  guns ;  a  descrip- 
tion and  general  drawing  of  guns  will  be  here  given,  snch  as 
they  should  be  for  the  armament  of  ships,  agreeably  to  the 
calibre  measure  adopted  in  Sweden. 

Fig.  1.  is  a  general  drawlnt^  of  all  the  guns  commonly 
used  in  Sweden ;  namely,  48,  42,  36,30,  24,  18,  12,  6,  and 
4-pounders :  nine  kinds.  All  of  them  are  constructed  by  the 
same  scale  of  calibre.  The  same  principle  on  which  this  con- 
struction is  founded  was  adopted  by  me  some  years  ago,  and 
is  given  in  the  new  Transactions  of  the  Royal  Academy  of 
Sciences,"  vol.  23,  for  the  year  1802;  in  the  first  quarter  of 
which  is  inserted,  A  Theoretical  JVeatise,  /bunded  on  eseperu 
fnenf,  to  give  the  proper  form  of  f/uns,  that  their  strength  at 
all  purls  m  ay  be  proporiional  to  the  expansive  force  of  gun- 
jmodeTy  see  Fig,  3  and  5 ;  and  what  was  inserted  in  §  21 
concerning  the  guns  used  at  sea  is  to  be  observed. 

bb  w  the  bore  of  the  gun,  baab  is  the  chamber  for  the 
powder,  which  is  one*fifth  smaller  at  the  bottom  a  a  than  at 
the  fore-part  of  the  powdered.  The  Uckcd  Yiliq  d  efh  k 
which  is  tlie  line  of  construction  of  the  gun,  is  an  hyperbola, 
within  which  line  the  external  surface  of  the  gun  does  not  pasa 
at  any  place  before  e. 

If  the  gun  were  of  a  parallel  bore  to.  the  bottom  of  the  chain* 
ber,  its  external  form  at  the  after-part  over  the  chamljer  would 
be  0  d  e,  if  its  strength  were  proportional  to  the  expansive  force 
of  the  powder ;  but  as  the  gun  would  then  be  of  an  improper 
Bhape,  and  also  of  too  great  a  weight,  it  has  been  found  necea* 


Digitized  by  Google 


Cktgpman's  Work  on  Shifu  qf  Wwr.  17 


8ary  to  diminish  the  width  of  the  bore  at  the  bottom  of  the 
chamber,  as  a  a,  and  conaeqiietttly  its  exterior  diameter  is  dimi« 
nished^  so  that  it  becomes  /  ti,  by  which  a  considerable  diini-* 
nution  is  obtained  in  its  weighty  tliough  it  is  nevertheless  quite 

as  strong  ai>  wlica  tiie  bore  is  parallel^  and  the  exterior  surface 
is  ode, 

lliere  is  conclusive  evidence  that  grnis  of  ^is  eonstruction 
do  not  burst, 

Betweeny  and  ^the  second  reinforce  moulding  is  terminated 
for  all  the  nitie  sorts  of  guns,  between  h  and  i  the  first  reinforce 
moulding  is  terminated^  between  k  and  I  is  the  fore-part  of  the 
muxzle  ringi  and  between  m  and  »  is  the  muzzle.  The  dim* 
meter  of  the  gun  at  e,  the  foremost  end  of  the  powder  cham« 
ber,  is  in  a  constant  proportion  to  tlie  calibre  for  all  tlie  guns. 
In  other  respects  the  manner  of  constructing  the  guns  may  be 
found  from  the  drawing.  All  the  measurements  are  made  by 
the  scale  of  calibre  placed  near  it«  and  all  the  calibres^  &c,  are 
inserted  in  the  following  Table.  The  lower  half  of  the  figure 
represents  a  oG-jjounder.  iktvvecn  and  q  is  the  centre  of 
the  trunnion^  and  between  r  and  s  is  the  centre  of  gravity  of 
each  gun* 
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On  the  TVntme  Durrla^e. 

A»  the  lower-deck  guns^  dn  aecpmit  of  HlMax  weight  anA 
their  being  more  easily  worked*  ehotild     pbeed  on  trwrtito 

earriages :  an  improved  traverse  carriage  is  drawn  on  the  same 
plate,  in  which  the  sand  and  dirt  cannot  cause  any  impediment* 
3ee  Kanmdom  a/LinU  sk^,  note  to  §  4. 

Fig.  2  is  ft  d6-poiinder,  standing  in  board-nii  its  carnage^ 
lying  on  the  slide  in  the  traverse.  It  ean  bo  elevaM  8^  de«* 
grees,  and  depressed  4i,  making  together  13}  degrees.  At 
the  midship  port  it  can  be  trained  forward  \7i  degrees^  and 
as  much  abaft*  making  together  3$  degrees. 

^  Is  the  upper  side  of  the  traT^rse^  ^  is  the  nppcr  aide  of 
the  slide,  C  its  lower  side,  D  is  the  upper  aide  of  the  earriage^ 
and  E  its  lower  side.  F  is  the  longitudinal  section  at  the 
middle  of  the  carriage,  and  G  the  longitudinal  section  of  the 
slide.  H  is  the  transverse  section  through  the  pin  of  thd  slide 
tfj  the  carriage  the  slide  and  the  traverse  and  fnllar  ei 
/is  the  deck  plank,  ^  is  the  opening  in  the  middle  of  the  tra- 
verse in  which  the  middle  part  of  the  slide  h  runs,  which  guides 
the  gun  in  the  recoil ;  in  an  iron  secured  to  the  slide  c  a  paul 
catches  against  the  stop  when  the  gun  recoils  from  the  shot, 
that  the  gun  may  be  brought  to  its  place  till  it  ia  loaded ;  bul 
as  the  bolt  with  which  the  paul  i  is  fastened  to  the  slide  cannot 
resist  the  concussion  which  the  paul  receives,  when  the  breech- 
ing after  the  recoil  draws  the  gun  forward  again^  the  iron,  $  is 
tixed  to  the  traverse  dose  to  the  end  of  the  paul  to  resist  th«l 
concussion*  and  when  it  is  loaded  an  iron  bolt  put  into  the  hole 
/  and  the  eye  m,  turns  up  the  paul  i,  that  the  gun  may  run  in 
board ;  and  when  the  gun  stands  lashed  within  board,  it  is 
drawn  so  far  in,  that  the  paul  i  falls  down  into  the  stop  n.  In 
the  hole  o  a  bolt  is  put*  between  which  and  the  end  of  the  slide 
a  wedge  is  driven  in,  by  which  the  slide  is  secured  between  the 
paul  and  the  bolt,  so  that  it  cannot  come  either  ni  or  out. 
^  is  a  ring-bolt  on  each  side  of  the  traverse :  through  these 
rings  a  lashing  is  brought  over  the  gun*  by  which  it  ia  so  firmly 
secured  to  the  deck  that  ia  the  heaviest  rolling  it  lemaina  ixed 
and  safe.   From  the  lashing  coming  aguast  tha  fint  and 

c  2 
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second  reinforce  mouldings,  the  muzzle  of  the  gun  does  not 
move  at  all  at  the  ship  s  sude.  5^  is  a  cleat  which  confines  the 
breechiiig.  In  the  outer  end  of  the  traverse  is  a  score  for  the 
brafchmg  whieh  keeps  the  remaining  part  of  it  in  its  place,  by 
means  of  the  small  bolts  through  the  iron  eye  plates  »,  •  On 
each  side  of  the  pillar  e  is  an  iron  plate  /,  through  which  a 
bolt  t;  passes  during  the  explosion,  to  prevent  the  traverse  from 
rising  from  the  deck. .  By  means  of  the  hand-spike  w,  which 
fits  into  the  moitiM  the  traverse  is  turned  about  the  pillar  e, 
and  gives  the  gun  its  lateral  training. 

When  the  gun  is  required  to  stand  fore  and  aft  at  tlie  ship's 
side,  the  elastic  catch  y  is  raised,  and  the  carriage  is  turned 
round  the  pin  of  the  slide  «•  x  is  an  iron  cleat  to  secure  the 
eatdi  y,  by  which  the  gun  In  being  fired  always  stands  in  the 
same  direction  as  the  trai«r»e. 

When  lying  in  harbour,  and  it  is  required  to  liave  a  clear 
deck,  the  traverses  can  be  turned  round  so  far  towards  a  fore 
and  aft  direction,  that  with  36-pounders  they  do  not  project 
from  the  ship's  nde  more  than  9  feet :  the  guns  can  also,  if 
required,  stand  adiwartthips  oat  of  their  respective  ports. 

When  a  ship  is  to  be  armed,  and  the  guns  are  to  be  laid  on 
the  traverse  carriages,  they  must  be  hoisted  over  the  gunnel, 
and  lowered  down  through  the  main-hatchway  of  the  upper 
deck,  on  thick  plank  laid  on  the  beams  over  the  main-hatchway 
of  the  lower  deck,  on  which  the  carriage  with  the  slide  is 
placed,  in  a  small  traverse  fitted  for  the  purpose,  when  the  gun 
is  lowered  down  into  its  carriage  apd  carried  in  a  truck  with 
four  small  wheels  to  its  traverse  at  the  ship's  side, 

END. 


1804. 


A  table  of  cubes  from  0,25  to  23,99  is  given  in  the  ori- 
ginal, which  it  is  considered  quite  unnecessary  to  inaeit  in 
this  tnmalalioiu 
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ADDITIONAL  APPENDIX. 


W'lM^N  I  liad  finished  this  work,  it  su^ested  itself  to  me, 
whether  the  parabolic  method  of  construction  here  given 
with  its  rules  might  be  considered  by  many  as  not  sufficiently 
general^  being  adapted  only  to  such  fuller  or  sharper  ®  sec- 
tions as  are  constructed  according  to  this  principle,  that  their 
greatest  fulness  shall  be  just  below  the  water-line;  but  that  it 
is  not  so,  an  example  is  here  inserted^  applicable  to  all  kinds 
of  0  sections,  of  any  form. 

Form  qf  a  ^  section  of  a  Frigate  of  40  Gun$. 

The  0  section,  Fig.  3,  No.  1,  is  altered  to  the  0  section 
of  the  frigate  of  40  guns^  Fig.  4,  No.  2,  but  containing  the 
same  area,  same,  breadth  at  the  water-line,  and  same  depth 
as  No.  i ;  also  the  displacement  and  length  on  the  water-line 
the  same,  and  with  the  same  line  of  sections  h  ;  consequently, 
the  areas  of  all  the  sections  in  No.  2  are  equal  to  all  the  areas 
of  the  sections  in  No*  I,  and  the  situation  of  the  centre  of 
gravity  of  the  displacement  in  respect  to  length  the  same. 
They  have  the  same  sheer  draught ;  the  parts  which  are  dissi- 
milar are  marked  in  No.  I  and  No.  2  3  hut  although  these  two 
frigates  are  in  all  these  particulars  so  much  alike,  and  though 
No.  2  is  1  foot  broader  at  2f  feet  above  the  water-line,  yet 
on  account  of  the  distance  b  Fig.  5|  between  the  centres  of 
gravity  of  the  ships  and  their  metacentres,  the  frigate  No.  2 
has  its  nmnjeiit  uf  stability  one-sixth  less  than  that  of  No.  I, 

In  the  vertical  line  -E,  Fig.  5,  the  centres  of  gravity  of  dis- 
placement coincide  at  a,  the  centres  of  gravity  of  the  ships  and  ' 
lading  at^,  and  the  metacentres  at  for  both  the  frigates ; 
the  marks  which  are  abaft  this  vertical  line  belong  to  the 
frigate  No.  1,  and  those  wliich  are  before  it  belong  to  the 
frigate  No.  2  $  but  the  latter  experiences  somewhat  less  resist- 
ance in  the  water  than  the  foi'tuer/which  may  be  found  by  the 
method  given  In  this  work. 
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Com]>are  Table  No*  40,  page  3,  for  a  frigate  of  40  guna 
(which  if  No.  1)  with  the  Table  for  the  frigate  No.  2 1  then  it 

will  be  found  that  the  difference  is  in  the  ordinates  c  of  the 
ribbaod-iipe^  which  could  not  be  inserted  ia  Table  No.  42, 
page  8,  in  which  the  general  rules  are  fouud. 

That  the  frigate  No.  2  haa  one^sixth  less  stability  than  No.  1^ 
arises  from  this  cause :  as  both  these  frigates  have  their  upper 
water-line  of  the  same  length  and  hreadth  in  luitlships,  aiid 
have  the  same  area  of  0  section,  but  No.  2  is  fuller  in  the 
l|ottom ;  and  as  the  displacement  is  to  be  equal  in  both,  it 
follows^  that  as  much  as  the  displacement  is  increased  in  the 
hottoni  it  will  be  diminished  near  the  water-tine,  by  which  the 
load-water  section  is  diminished  from  uiidbhipis  to  both  ends, 
and  therefore  ffy^dxis  less  :  and  this  is  the  reason  that  the 
load*water  section  W  does  not  agree  with  the  general  rule  in 
Table  No.  42 ;  but  the  following  rules  are  applicable,  when 
t|ie  area  of  the  altered  water-section  is  used. 

It  should  however  be  observed,  that  the  breadth  of  the 
0  seption  of  a  ship  or  vessel  is  never  so  suddenly  diminished 
immediately  below  the  water-line  as  the  frigi^te  No.  2 1  conse- 
quently the  area  of  the  water-line  cannot  be  so  considerably 
diminished;  but  it  has  been  taken  in  the  extreme  only  to  show, 
that  the  given  method  can  be  used  for  any  form  of  ^  section ; 
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KktiHse,  in  oMttt  w  required  to  km  a  ireesd  ivitii'tBe  site 

falling  out  as  No.  2,  and  even  more,  and  to  have  the  area  of 
the  water-«ectioa  as  the  frigate  No,  I,  Uie  aame  method  ol 
construction  may  nevertheless  he  used. 

As  it  is  tkA  Ailness  below  whieb  causes  liie  dimHiutiaD  in  the 
'  area  of  the  water*section  before  and  abaft  the  ^  soeUon,  this 
fuhiesis  below  should  be  dimiiiislied,  as  shown  by  the  ticked 
line  X  by  which  the  half  area  of  the  ^  section  »  reduced 
by  3)156  square  ieet;  apd  as  the  dtsfdaoesnent  is  to 
aonstaaty  the  same  mefhad  is  used  uddcb  is  inserted  in  Tsbli 
No.  42 ;  *  whence  a  10,93,  the  exponoit  of  the  line  of 
sections  n  =  2,37,  bv  which  the  form  is  changed.  The 
situation  of  the  ®  aectioB  comes  thus  further  forward,  beeauM 
the  situatiaii  of  the  centre  of  gnnity  is  ta  lenain  thesswn»  bjr 
whidi  the  statbnSy  as  well  as  the  areas  of  all  tlie  other  seotions, 
are  iiltcrecl;  and  when  the  operation  is  performed  in  all  respects 
as  above-mentioned,  nearly  the  same  area  and  form  at  the 
Yater-iine  is  obtained  as  in  the  frigate  No.  1 ;  hut  these  la 
nevertheless  a  deficiency  in  the  stability,  for  the  reason  asslfpied 
ia  §  22.  It  is  remarlced,  that  the  addition, the  water-line 
of  construction  I  can  he  increased  or  diminished,  either  forward 
or  ahafty  by  which  the  length  of  the  whole  water-line  L  ia 
greater  pr  less.  See  the  Tables  No.  and  48.  In  tbn 
formation  of  the  drawing  the  oc^inn  of  such  an  alteraliatt 
may  appear,  but  whether  it  be  required  in  the  largest  or 
smallest  vessel,  this  addition  can  never  exceed  three-&Ni|tlis« 
or  at  most  one  foot. 

It  fuay  hence  be  inferred,  that  this  method  of  oonstin^t|ottr 
ia  suitable  to  every  kind  of  9  aoetion,  H«  ALB.  . 


As  all  the  drawings  in  this  work  are  made  by  the  same  seale^ 

and  all  the  lengths  L  of  the  upper  water-line  between  the" 
rabbets  of  the  stem  and  sternpost  are  the  same  for  those  con- 


1  By  t  laftk  uonndfintioii  of  this  Table  s  niU  my  be  Ibimed  fof  wy  altefs- 
ttsnwIMlBS^beisiMNMUjrrtqiiiel  Al«  to  Aipsafthsliae,fbMstttile 

Ke.a^ 
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•Mctod  by  the  ptrabofie  ncdiod,  as  for  Uiose  whose  fem 
li  fomded  on  the  dirtetion  ol  the  line  of  relaxation,  the  oeale 

ha^  not  been  drawn  on  the  sheer  draughts  of  the  parabolic 
sheer  draughts. 

What  is  common  to  all  printed  drawings  occurs  here,  namelyy 
the  unequal  shrinking  of  the  paper;  all  the  lengths  on  the 
sheer  draughts  ought  however  to  agree  with  those  on  the  same 

drawing  by  the  scale,  and  all  the  breadths  on  the  l)ody  plans 
ought  to  agree  with  the  scale  of  that  plan  ;  but  the  breadths  on 
the  body  plans  do  not  always  agree  with  the  breadths  ou  the 
sheer  draughts;  they  ean  however  he  always  eorrected  by  a 
proportkMial  triangle*  The  greatest  dilfieulty  is  in  the  hiughts^ 
which  may  not  agree  with  either  seale,  and  those  on  the  body 
]Anm  ^^a^  not  be  equal  to  those  on  the  sheer  draughts ;  but 
they  are  known  by  the  abscissas  Ic  and  ]|  ot  the  line  of  sections 
in  Tables  No.  15  and  32,  and  No.  33  and  34  for  ships  of  the 
Kne,  and  in  Tablea  No.  84  and  95,  and  No.  39  and  40  for 
frigates,  in  which  Tables  are  also  found  the  lengths  L  and  /  and 
breadths  B. 

On  this  account,  if  this  work  should  obtain  circulation  abroad, 
his  partieularlyTiecetsary  that  the  whole  text  be  translated 
into  the  language  of  the  eountry»  otherwise  the  complete  adTan* 
tage  of  the  plates  cannot  he  obtained  t  also  on  account  of  this 

method  of  construction  being  entirely  new;  it  is  also  necessary 
that  the  translator  should  not  only  understand  the  two  Ian* 
guagest  but  should  know  mathematics,  and  be  well  acquainted 
with  the  common  method  of  constructing  the  drawings  of 
ships,  and  also  the  praetieal  part  of  ship-boilding,  &c.  in  order 
that  he  may  properly  underbtand  what  is  here  treated  on,  sor 
as  not  to  commit  such  errors  as  the  French  translator  of  my 
Treatise  on  Ship-building,  printed  at  Stockholm  in  1775^  did, 
in  which  trattslation»  printed  in  1781»  he  pretends  that  he 
found  a  gross  error  in  §  9;  but  in  179  which  is  12  years  after, 
a  work  appears,  in  which  he  recants  what  he  had  said,  and 
filiovvs  that  he  himself  had  made  the  mistake ;  how  should  such 
conduct  be  regarded  ? 

-  AlthoQgh  (as  was  said  in  the  Introduction,  page  144,  vol.  3) 

I  am  not  certain  that  the  long  ineasurc:>  given  there  are  cor- 
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rect ;  I  have  however  (as  the  tlifFerence  does  not  appear  to  be 
considerable,  and  iii  order  not  to  be  without  any  knowledge  of 
then)  drawn  the  scmles  of  long  measure  of  the  foUowiiig  nations, 
in  proportion  to  the  Swedish  scale^  by  which  the  drawings  in 
this  work  are  made;  namely,  Pdrtugal,  France,  Denmark, 
Rhinland,  England,  Sweden,  DantziCj  Holland,  and  Spain,  or 
Cadiz,   See  ig.  G. 

On  the  ieemiip  qf  Skip8'  Decks  wUkoui  the  %m  nf 

Wooden  Knees, 

Great  difficulty  is  experienced  from  the  remarkable  dimiuu- 
tion  in  timber,  in  obtaining  a  sufficient  number  of  oak  timbers 
and  oak  plank  of  such  siie  and  length  as  to  form  a  good  com- 
bination ;  on  the  sanic  account  it  is  diiikult  to  obtain  a  suffi- 
cient number  of  suitable  oak  knees,  especially  those  which  are 
larger  and  what  constitutes  in  the  greatest  degree  this  difficulty 
is,  tliat  it  is  at  this  time  very  rare  to  obtain  oaks,  whose  brandies 
spread  more  than  45  degrees  from  the  upright  trunk  of  the 
tree,  vvht'i  eas  they  should  at  least  fona  iiu  angle  of  GO  dej?:rees, 
and  from  that  to  SO  degrees,  which  latter  kind  is  exceedingly 
rare;  this  want  of  oak  knees  has  been  supplied  by  the  use  of 
ibieet  (iftprucefiTf  which  have  been  used  in  this  manner;  the 
trunk  of  the  tree  has  been  used  as  the  principal  arm  of  the 
knee,  and  its  root  as  the  branch  or  small  arm  of  tlie  knee. 

All  the  hrs  which  grow  on  level  ground  have  their  roots 
always  perpendicular  to  the  trunk,  and  are  thus  fit  £or  lodging 
knees;  but  the  roots  of  those  firs  which  grow,  on  sloping  ground 
form  greater  or  less  angles  with  the  trunk  than  right  angles, 
according  as  the  ground  is  more  or  less  inclined ;  that  is,  the 
one  grows  up  the  sloping  ground  and  the  otlier  down  it,  and 
it  is  the  latter  which  are  used  as  hanging  knees.  These  roots 
have  always  sufficient  thickness  for  the  sidings,  but  tlie  oak 
roots  are  always  tuu  thin  in  this  respect.  The  roots  of  the  fir 
are  tougher  Uian  those  of  the  oak,  but  arc  more  liable  to  be 
rotten,  and  especially  the  trunk,  on  which  account  the  fir  knees 
cannot  he  used  as  lodging  knees,  in  consequence  of  the  ex- 
pense ii^ich  would  be  incurred  in  shifting  them  and  putting 
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wfllioiil  «Kffcti)ty  or  ineofli¥«m«io«  wilh  tbe  hanging  knees. 

In  consideration  of  all  these  circumstances  it  is  now  more 
than  twenty  years  since  the  decks  of  our  ships  of  the  line  and 
frigates  have  been  secured  only  with  an  iron  hook,  and  m  leiffe 
Mt  llueeih  llie  ship's  ski6»  msleMl  ef  the  kidgiiig  |net^  eod 
whh  a  hanging  knee  of  fir  properly  bolted ;  bql  this  expafianl 
also  seems  not  to  be  able  to  be  continued  long,  because  it  is 
easiir  to  obtain  20  l()dG:inc^  knees  than  one  haiii^iiic;  knee  of 
the  hr  root:  and  it  is  on  account  of  tins  very  important  reason 
that  I  have  been  led  to  aeosider,  in  what  manner  the  dedw  of 
ships  covld  be  secured  to  the  sides  without  the  use  of  wooden 
knees* 

As  the  want  of  iron  can  never  be  experienced,  this  is  the  only 
material  with  which  the  decks  of  ships  should  henceforth  be 
seemed  to  the  sides }  but  in  what  manner  it  ean  be  used  to 
•mwer  tlie  purpose  is  the  qnsstioa  which  here  oflbrs  itself  for 
cenMsration. 

The  object  is  first,  to  secure  the  ends  of  the  l>eams  of  the 
decks  to  the  ship's  sides,  so  that  they  cannot  separate  from  them. 

8eeoadly»  with  the  sudden  roiling  which  a  ship  experiences 
fnm  one  side  to  the  other,  that  the  verdeal  angle  which  tlie 
btanss  make  with  the  ship's  sides,  may  not  be  eonsiderably 
altered.  And  thirdly,  that  if  by  the  means  adopted  for  tins 
purpose  any  part  mav  require  repair,  it  may  be  convenientlv 
done ;  and  that  this  method  may  not  in  any  way  retard  the 
working  of  the  goas. 

To  obtdn  this  objset,  the  following  method  is  proposed :  see 
Fig.  7  and  8.  Fig.  7  shows  the  side  of  a  ship  of  74  guns  from 
the  gunwale  to  the  water's  edge.  Fi^.  8  shows  a  transverse 
seetieu  of  the  ship's  side,  also  from  the  gunwale  to  the  water's 
edge.  A  im  B,  iewer-deek  besiB,  2I  i  the  iqpper  siik  of  the 
keen }  Bma  upper-deck  beam ;  and  C  a  ^piarleiwdeek  or  fere* 
eastle  beam.  The  seale  F  gives  the  dimensions  only  of  the 
wood  work.  'I'Jie  iron  work  with  wiiich  the  licams  are  secured 
to  the  ship  s  side  is  marked  with  a '  blue  tint,  and  is  caUed  the 

1  ^  

t  It bMinoi b— n omiliiiid aiocsaiity ta sslosr ths Iwa wsikia >hs ig—w 
sf  dits  lBUidiititti» 
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books  I.  thpae  which  aecpre  the  end^  of  the  beenut  to  |he  ship's 

sides  are  cslled  hori^anial  hooks^  as  E  ej  and  those  which 
during  the  ship's  rolling  prevent  the  alteration  of  the  vertical 
apigle  of  the  beain  with  the  ship's  side  from  being  considerable^ 
are  called  v&rtk^  hookff  M  I>  ^.  The  part  of  these  hooHs 
which  is  fastened  to  the  side  of  the  beams  and  extends  to  the 
ship's  side,  is  called  in  the  horizontal  hooks  the  arm^  and  in 
the  vertical  hooks  the  leg  ;  the  part  of  these  hooks  w  hich  is 
fsstened  to  the  ship  s  side  is  called  in  the  horizontal  hooks  th^ 
/oe,  and  in  the  vertical  hooks  the  l^p.  As  it  must  be  supposed 
thfit  th^  dimensions  of  the  beams,  of  the  decks  have  been  given 
a  proper  proportion  to  the  weiglit  they  have  to  sustain,  and  to 
the  force  which  acts  on  them,  i^  follows  tliat  the  iron  hooks 
^(lould  be  in  proportion  to  Uie  beams ;  and  as  all  the  beams,  as 
well  the  larger  ^  the  siitaller,  may  be  regarded  as  nearly  similar^ 
and  the  thickness  up  and  down  is  the  dimension  which  has  the 
greatest  effect  on  the  strength  of  the  beams,  this  moulded 
tl^jckness  of  the  beams  in  the  middle  has  been  divided  into 
13  equal  parts^  which  I  have  called  the  module,  and  each 
inpdule  is  divided  into  8  parts;  see  Fig.  7i  the  beams  A^B^  C« 

By  this  small  modular  scale  all  the  iron  hooks  in  Fig.  7  and  8 
are  drawn  :  but  as  their  dimensions  cannot  be  clearly  bhown  in 
these  small  figures,  a  larger  modular  scale  G  is  made^  by  whicb 
the  vertical  hooks  J)  and  the  horizontal  hpoks  B.  are  drawn* 
h  is  the  side  of  the  leg  of  the  Vertical  hook,  whiqli  is  ^umed  to 
the  beam  s  jt  is  the  tenon  which  is  let  wholly  into  the  beam,  in 
which  is  a  hole  for  the  bolt  n  vvliich  passes  through  the  beam, 
and  is  fastened  on  the  other  side  of  the  beam  with  a  ring  and 
forelock  |  ^  is  the  outside  of.  this  leg|  is  the  side  of  the  book 
which  IS  tlirned  towards  midshipSji  at  the  upper  end  of  which 
is  the  tenon,  and  at  the  Ipwer  end  the  blade  t,  in  which  is  a 
hole  for  the  bolt  /  which  is  driven  through  it,  and  is  clinched 
on  a  plate  without  hoar^,  which  is  three  times  the  diameter  of 
the  bolt  in  breadth,  and  in  thickness  half  the  module;  g  is  the 
side  of  the  i^rm  of  the  horizontal  hook  which  lies  against 
the  beam,  and  its  tenon  a?  is  let  wholly  into  the  side  of  the 
beam  5  through  the  hole  in  it  passes  the  bolt  v,  which  is  fore- 
locked  on  the  other  side  of  the  beamj  ^  is  the  outside  of  this 
ario^  r  is  the  side  <)f  the  toe  which  is  turned  towards  the  middle 
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of  tlie  ship,  tlie  liole  is  for  the  bolt  o  to  pass  through,  which  is 
cliuched  without  board,  in  the  same  manner  as  the  bolt  /; 
$  shows  the  upper  side  of  the  hook  together  with  its  tenon 
llie  bevelling  which  the  toe  should  have  with  the  arm  is  detei^ 
mined  by  the  greater  or  less  tumbling  home  of  the  ship's  side. 

The  small  marks  o,  at  the  extremities  of  these  iron  hooks» 
show  the  holes  for  nails,  with  which  they  are  fastened  while  the 
bolt  holes  are  being  bored  through  the  ship's  side  and  the 
beams.  The  numbers  on  these  figures  show  their  dimensions 
in  modules. 

Each  end  of  the  beams  of  these  three  decks  is  secured  to  the 
ship's  side  with  two  horizontal  and  one  vertical  hook ;  but 
every  beam  of  the  lower  deck  has  an  additional  vertical  hook* 

All  the  beams  of  the  orlop-deck  have  a  horizontal  hook  at 
each  end,  and  the  beanie  whicli  are  between  the  mizen  and 
foremasts  have  two  :  all  the  bolts  in  the  hooks  of  this  deck  are 
driven  from  without  board. 

These  hooks  must  be  made  of  good  tough  iron,  and  the 
tenon  ^  should  not  be  welded  to  the  arm  or  leg,  but  l>e  wrought 
in  one  piece,  because  the  whole  strength  of  this  fastening^  de- 
pends almoiit  entirely  on  the  tenons  x  and  the  bolts  which  pass 
through  the  ship's  side.  The  bolt-holes  in  both  ends  of  these 
hooks  should  be  drilled. 

The  quickwork  between  the  ports  is  commonly  of  thin  fir 
plank ;  but  the  plank  througli  which  the  bolts  of  the  vertical 
hooks  pass  must  be  of  oak.  It  should  also  be  observed,  that 
however  important  it  is  that  the  ends  of  the  beams  should  fit 
close  to  the  timbers,  this  should  be  the  case  only  at  the  middle 
of  the  depth  of  the  beam ;  but  not  at  the  uppci  or  lower  part, 
because  the  beams  must  necessarily  be  allowed  a  little  angular 
motion  in  a  vertical  direction  with  the  timbers. 

It  is  found  that  neither  the  weight  nor  the  expense  of  this 
method  is  greater  than  that  of  oak  knees,  and  it  is  incom- 
parably  more  durable. 

I  have  now  given  the  proportion  and  form  of  the  iron  work, 
with  which  the  beams  should  be  secured  to  the  ship's  sides  | 
but  whether  it  is  sufficiently  strong  can  be  known  only  by  conoH 
parison  with  other  iron  work,  which  withstands  the  same 
violent  rolling  of  the  ship,  such  as  the  chains^  which  alter 
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many  ye«r»*  experieAce  have  obUuncd  the  sise'  at  (Mresenl 
used.  • 

The  bolts  which  pass  through  the  blades  of  the  vertical  hooks 
should  be  proportioned  to  the  chain  bolts,  because  the  direction 
of  the  fofce  they  have  to  reiist  is  nearly  the  same,  and  as  these 
boks  are  given  the  same  strength  as  the  main  chain  bolts  tbge^ 
ther  with  the  preventer  bolts,  and  the  leg  ot  the  hook  h  of 
considerably  greater  strength  than  a  link  of  the  chains  of  the 
same  mast ;  and  as  the  number  of  these  hooks  is  much  greater 
than  the  number  of  chains  for  the  three  masts,  and  when  is 
added  to  these  the  fastening  of  the  beams  of  the  upper  deck, 
and  of  the  quarter-deck  and  forecastle,  which  are  also  Pt  i  in  ed 
with  vertical  hooks,  there  can  be  no  mistake  in  considering  the 
security  of  the  decks  in  respect  to  the  transverse  rolling  of  the 
ship  as  sufficient* 

When  the  moment  of  the  rolling  of  the  weights  is  considered, 
which  is  as  these  weights  multiplied  by  the  square  of  their 
distances  from  the  centre  of  gravity  of  the  ship,  which  must 
be  estimated  in  every  direction,  above,  below,  and  at  the  sides 
of  this  centre ;  this  relation  of  the  moment  of  the  rolling  of  the 
weights  of  the  masts,  &c.  with  the  strength  of  the  chains,  is  not 
unreasonably  compared  with  the  moment  of  all  the  weights  in 
the  ship  in  relation  to  the  strength  of  all  the  hooks  of  the  decks 
together. 

The  strength  of  this  iron  work  which  secures  the  ends  of  the 

beams  close  to  the  ship's  sides,  is  known  from  experience  to 
fully  answer  the  object  ^  and  in  case  any  ship  has  its  centre  of 
gravity  below  the  water-line,  whereby  it  receives  sudden  strains 
during  the  rolling,  or  when  a  ship  loses  its  masts,  and  thereby 
has  not  the  means  of  easing  the  rolling,  on  such  account  it  is 
necessary  to  strengthen  the  decks  with  proper  standards  of  the 
roots  of  hr,  or  of  iron* 

In  case  the  beams  are  placed  differently  from  those  shown  in 
the  drawing,  for  example,  one  over  each  port,  and  one  between 
every  two  ports,  then  the  beam  which  is  over  the  port  can  have 
only  the  two  horizontal  hooks,  and  that  between  the  ports  has 
two  horizontal  and  two  vertical  hooks ;  in  which  case  there  is 
the  same  number  of  horizontal  and  vertical  hooks  as  in  the 
former  disposition.  This  is  the  manner  in  which  the  beams  of 
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the  decks  should  he  secured  to  the  ship's  sides,  by  which  the 
object  mentioned  ahove,  in  all  the  three  conditions,  is  obtained : 
and  k  plainly  appears  that  thift  method  of  seettity  does  not 
Mwe  Miy  hindenince  in  the  working  o#  the  guns* 

Hie  M  ef  imn  infttetd  of  wood  fai  ecenfing  the  henm  i» 
n  thifi's  side,  is  not  new :  such  has  been  for  a  long  time  the 
practice  in  France,  but  not  in  this  manner. 


To  the  note  at  page  281,  vol.  must  be  added  the  fol- 
lowing, ntoiely  (see  Fig.  79),  the  mistfuiice  n^  for- 
ward is  =  GbEC,  md  the  ^^^If 

In  w/iat  manner  the  Arching  of  a  Ship  may  in  a  considerable 

degree  be  ^prevented. 

When  the  forai  of  a  ship  in  the  water,  and  its  upper  works, 
|nth  the  situation  of  the  weights  by  which  it  is  pressed  down 
are  considered,  it  is  found  that  the  volumes  of  water  at  the 
extremities  of  the  ship  do  not  in  any  manner  counterbalance  the 
ve^hu  which  they  have  to  sustain  $  eonseqoently,  if  a  ship 
^re  cut  trausTersely  into  numerous  parts,  and  each  part  were 
enclosed  at  its  ends,  so  as  to  be  water-tight,  those  parts  nearest 
the  extremities  of  the  ship  would  sink  much  deeper,  and  the 
^liddle  parts  would  rise  higher  out  of  the  water,  and  would 
thus  assume  a  different  form  from  that  shown  in  the  drawing, 
namely,  higher  in  midships  and  lower  at  the  extremities.  And 
as  the  form  of  a  ship  above  or  below  the  water  cannot  be  other- 
wise than  it  is  now  and  always  has  been,  nor  can  the  situation 
iff.  the  weights  by  which  the  ship  is  pressed  down,  be  altered, 
this  defect  can  be  obviated  in  no  other  manner  than  by  a  certain 
security  through  the  whole  length  of  the  ship,  not^*  howeier, 
wholly,  but  in  a  greater  or  less  degree,  depending  on  using  the 
best  means,  and  those  which  cause  the  least  inconvenience.  I 
will  mention  what  has  been  done  in  this  respect. 

In  the  year  17^9  two  vessels  were  built  at  Stralsund,  on  the 
King's  account,  to  be  used  in  the  Frische-haf  in  a  war  with  the 
King  of  Prussia,  the  one  about  100  feet  kmg,  and  above  20  feel 
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a  breadth,  and  drawing  not  more  watet*  than  1\  feet:  the  ettier 

about  80  feet  in  length,  and  cirawiiig  5  J  feet  water  5  they  car- 
ried heavy  araiajiient8»  especially  at  the  extremities  \  and  were 
made  to  row  as  well  as  aail :  and  on  account  of  ihw  armaneat 
and  the  many  considerable  weights,  a  stroiif  combiiiatioB  of 
the  fabric  was  necessary  ;  but  although  their  bottoms  had  the 
greatest  fulness  which  could  be  reasonably  allowed  to  them^ 
they  could  not  thereby  obtain  a  sufficient  displacement*  It  was 
therefore  necessary  to  build  them  with  timbers  of  as  small 
scantling  as  possiMe ;  and  as  on  this  account  they  eoold  not 
possess  the  necessary  strength,  especially  in  regard  to  their 
arching^  in  order  to  avoid  this  defect^  the  following  method  of 
security  was  considered  best  for  them. 

Parallel  to  the  middle  line  of  the  vessels  on  each  side,  about 
half  way  between  the  keelson  and  the  orlop  clamps,  a  rtrake  df 
oak  was  laid  on  its  ed^e  six  inches  thick,  along  the  whole 
length  of  the  hold,  let  down  an  inch  over  all  the  timbers^  the 
ends  of  which  extended  to  the  deck^  both  forward  and  abafti 
wikieb  was  called  the  butlge-strake,  and  which  was  fastened  with 
bolts  through  the  timbers  and  outside  plank.  Under  the  beamii 
of  the  deck,  perpendicularly  over  the  builge-struke,  was  fixed 
on  its  edge  a  strakc  of  fir  along  the  whole  length  of  the  vessel 
six  inches  thicks  with  a  seore  one  inch  deet>  for  the  beams^  to 
which  it  was  bolted^  atid  was  called  the  longitudinal  shelf. 
Both  ends  of  this  shelf  lay  against  the  timbers  of  the  frame, 
and  its  lower  side  on  the  builge-strake,  to  which  it  was  cOaked, 
both  forward  and  abaft^  and  was  fastened  with  bolts  through 
the  builge-strake,  timbers,  and  outside  |4anlu  JBetwten  thtf 
builge-strake  tfnd  the  shelf  verdcal  oak  ptHars  were  placed,  at  • 
distance  from  each  other  equal  to  their  length;  from  the  lower 
end  of  one  pillar  to  the  upper  end  of  following  pillar  was  placed 
a  diagonal  shore  of  fir*  See  more  on  this  subject  in  the  ArChi' 
tedfira  Nawdii  Mtrcttiorktf  printed  at  Stockholm  iii  tbe  jrear 
1768)  Plate  36,  Fig.  5,  and  in  the  treatise  bn  shi(»-building 
latiiig  to  it,  printed  at  Stockholm  in  the  year  1775,  page  217  i 
and  as  it  was  found  that  the  object  was  olnained  by  the  use  of 
this  diagonal  trusstngi  which  was  adopted  for  the  first  tiuie  in 
this  instance^  all  armed  vessels,  as  ivell  great  is  small^  have 
been  given  a  trussing  i|pi  all  respects  similar  to  it. 
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For  further  proof  of  the  effect  of  this  method  of  preventing 
ftiehiof  the  followiDg  is  inserted :~  . 

In  the  year  1772  an  armed  vessel  was  hailt  at  Stockholm 

about  the  same  size  as  that  first  named,  but  instead  of  the 
vertical  pillars  being  of  oak  as  in  the  former  vessel,  they  were 
of  fir  in  this  vessel,  but  in  all  other  respects  as  before,  imme- 
diately it  was  eome  off  the  slip  it  was  found  that  it  had  straight* 
ened  in  the  lavnchinf^  four  inches,  but  within  twenty-four  honrs 
after,  it  recovered  bo  much  of  its  former  sheer,  that  the  sheer 
was  straightened  by  only  two  inches.    When  it  was  examined 
in  what  manner  it  bad  taken  place»  it  was  found  that  the  sbnt* 
ments  of  the  shelf  had  pressed  into  the  vertical  fir  piltarsi 
nenrly  half  an  inch  in  some  of  them,  and  it  was  this  yieldinj>; 
of  the  timber,  which  in  some  dct^ree  recovered  itself,  by  which 
the  arching  was  diminished    on  the  lower  ends  of  the  pillars 
against  the  wedges  little  or  no  indentation  was  observed.  It 
should  likewise  be  remarked,  that  the  sliding  plank  on  which 
the  bollge-ways  ran,  during  the  launching,  did  not  extend  to 
the  edge  of  the  water,  but  terminated  about  a  foot  above  it, 
bv  which,  when  the  middle  of  the  vessel  was  at  the  end  of  the 
sliding  plank,  its  foremost  end  had  not  the  support  of  the 
water  which  was  required,  and  became  balanced  ;  and  it  was 
just  at  this  moment  that  the  arehing  must  have  taken  place. 

Ag^ah). — About  the  year  17S9  two  larger  vessels  were  built, 
each  carrying  one  tier  of  36*pounders;  how  it  happened,  that 
they  had  not  the  usual  diagonal  trussing,  I  do  not  know  :  they 
were  used  in  the  Russian  war,  and  were  roudi  arched,  and  when 
in  too  short  a  period  afterwards  they  received  a  large  repair,  it 
was  found  that  the  keel,  which  was  135  feet  in  lent^th,  bad 
curved  upwards  in  midships  2^  feet,  on  which  account  the  usual 
diagonal  trussing  in  the  hold  was  given  to  them. 

In  consequence  of  so  much  evidence  on  the  effect  of  this 
method  of  security  in  preventing  a  ship's  arehing,  there  is  every 
reason  to  believe,  that  it  will  also  produce  the  same  effect  on 
ships  of  the  Hue,  which  become  sometimes,  in  a  short  tioie 
considerably  arched* 

Suppose  it  is  required  to  make  a  similar  disposition  of  security 
for  a  ^!iip  of  the  line,  for  instance,  the  sfiip  of  1 10  guns  given  in 
this  Treatise,  and  let  Fig«  0  and  10  represent  this  anrangeoient* 
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As  thb  strengthening  should  be  applied  at  that  place  which 
is  found  most  eonrenient  in  respect  to  the  stowage  of  the  hold , 

which  it  is  most  important  to  consider,  and  tliis  is,  to  obtain  a 
sufficient  breadth  for  a  certain  number  of  water-casks,  which  is 
here  considered  to  be  four  whole  and  one  half  cask  on  each  side 
the  keelson  on  midship  piilars ;  if  five  whole  casks  were  taken^ 
the  trussing  would  come  too  far  out  into  the  builge ;  besides, 
the  nearer  it  comes  to  the  middle  of  the  ship  the  greater  cfitct 
it  has  in  preventing  arching;  therefore,  when  the  diameters  of 
four  whole  and  one  half  cask  are  added  together,  with  half  the 
thickness  of  the  midship  pillar,  and  the  whole  thickness  of  the 
diagonal  shores,  it  gives  18 1  feet,  which  is  the  distance  of  the 
middle  line  of  the  ship  from  the  outside  of  the  diagonal  shores. 
To  show  this  trussing,  the  siiip's  side,  from  one  end  to  the  other, 
as  far  as  this  trussing  extends,  is  supposed  to  be  laid  open, 
o,  is  the  frame  timbers,  b  the  ceiling,  c  the  riders,  d  the  builge- 
strake ;  e  the  fillings  between  the  riders,  builge-strake;  and  ceil- 
ing the  shelf  under  the  beams,  which  is  in  two  thicknesses  in 
breadth,  which  are  bolted  together  to  give  shift  to  each  other. 
Over  these  are  laid  three  strakes  of  deck  plank  of  such  a  thick- 
ness that  they  can  be  let  down  one  inch  over  the  beams,  with 
bolts  through  these  beams  and  the  shelf,  g  is  the  vertical  pillar, 
and  h  the  diajj;onal  or  shore.  In  other  respects  the  disposition 
of  the  pillars  and  trusses,  &c.  is  as  already  described. 

It  must  be  farther  remarked,  that  all  the  parts  which  belong 
to  this  trussing,  and  terminate  at  the  extremities  of  the  ship, 
are  there  secured  in  the  best  manner  to  the  ship  :  therefore  not 
only  must  the  ends  of  the  builij^e-strake  and  shelf  be  coaked 
together  at  the  extremities  of  the  ship,  but  also  the  security 
'  there  required  is  supplied  by  fillings  lying  longitudinally,  whidi 
are  not  only  coaked  together,  but  also  to  the  builge-strake 
and  shelf;  and  which  extend  as  far  as  where  the  shelf  and 
builge-strake  are  about  2  or  2-§  feet  apart,  by  whieh  the 
whole  mass,  namely,  the  shelf,  hlling,  builge-strake,  timbers, 
and  outer  plank,  receive  a  sufiicient  number  of  bolts,  which 
are  driven  from  without  and  within,  as  «  ^.  Likewise  the  fill- 
ings e  under  the  builge-strake  and  between  the  riders  are 
coaked  to  the  ceiling,  and  the  builge-strake  to  the  fillings  e; 
the  combination  of  this  disposition  of  trussing  at  both  extremi- 
tSes  of  the  ship  cannot  always  bo  ptrformtd  in  the  aame  man* 
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ner ;  for  example,  if  the  trussing  comes  nearer  to,  or  farther 
.  from,  the  middle  lioeof  tlie  ship,  or  if  the  ship  baft  greater  or 
lew  (iilncas  at  the  extremitiedi  eaeh  of  these  cases  requires 
a  dilieretitmetliod^  the  drcmiistance  of  the  part  to  be  strength- 
ened will  determine  the  manner  of  performing  it. 

This  method  of  security,  when  it  is  clone  strongly  and  is  well 
executed)  will  certainly  accomplish  the  object.  That  the  etiect 
in  preventing  arching  ia  of  eonseqiienee  may  be  inferred  hence : 
that  when  a  coasting  vessel^  which  was  to  carry  a  considerable 
armament,  and  which  was  more  ilia.ii  100  feet  long,  strength- 
ened in  this  manner,  was  to  be  launched,  and  the  day  before 
going  off,  the  wedges  at  the  lower  ends  of  the  pillars  were  for 
the  last  tine  drtven  np,  it  occurred :  that  when  all  the  wedgea 
at  the  pillars  fore  and  aft  on  both  sides  were  hardened  np  at 
•  the  same  time,  it  produLcd  this  effect,  tliat  the  upper  end  of 
the  keel  rose  so  much  from  the  upper  block,  that  the  block 
became  loosened  and  moveable.  It  should  also  be  remarked, 
that  this  Ycssel  was  not  deep  in  the  hold^  had  only  one  deck, 
with  light  upper  works  and  small  scantlings. 

As  tlie  quantity  of  all  this  timber  and  iron  work  required  for 
this  trussing  would  be  equal  to  the  weight  of  1200  cubic  feet  of 
wateri  the  three-decker  would  sink  about  1^  inch  deeper  in  the 
water,  by  which  the  height  of  the  battery  would  be  so  much 
the  less ;  but  as  this  should  not  be  allowed,  the  drawing  shonlfi 
be  altered,  so  that  the  displacement,  which  is  =  152875,  may 
become  =  154075  cubic  feet;  an0<^(he  alteration  can  be  made 
in  this  manner,  namely**-* 

To  keep  the  ®  section  and  all  the  other  sections  at  the 
same  places  as  before,  the  exponent  n  of  the  line  of  sections 
remains  the  bauie,  =  2,GtiS5,  whence  liie  area  of  the  ^  bectiun 

is  «  ^"t        »  1027,20  (sec  the  roles  in  Table  No.  33, 

IS  • 

page  360,  vol.  3,  and  the  note  page  23|  vol.  4,  for  frigates  of  40 
guns).  Let  h  be  a  tenth  of  an  inch  longer,  then  h  is  =s  18,213^ 

hence  is  56,4  \  the  brcadtii  has  thus  obtained  an  increase 
of  0,13  foot. 

The  lowering  of  the  metacentre,  which  is  caused  by  the  in- 
crease of  the  displacement  IS'  counterbalanced  by  the  small 
'  incmee  of  the  breadth  \  thus  the  situation  of  the  metacentre 

is  not  changed^  Pei  form  the  oj^eratioo^  as  for  the  ebip  of 


Digitized  by  Google 


CiUifmm*$  Work    Bk^tfWar.  8S 

1 10  guns,  page  366,  vol.  3,  Table  No.  34,  then  all  th«  ordi- 
nates  h  of  the  line  of  sections  will  be  obtained^  and  thence  the 
areas  of  the  sections  and  the  ordinates  e  of  the  ribband*line* 

From  the  two  examples  whicli  aie  given  at  the  beginning 
and  end  of  this  additional  i\ppendix,  it  may  be  seen  of  what 
advantage  the  parabolic  method  of  construction  is,  especially 
ia  tht  accuracy  and  ease  with  which  very  many  alterations  in 
the  different  elements  can  be  made,  to  obtain  the  object  aftd 
qualities  required  ;  and  this  is  the  additional  evidence  which 
was  spoken  of  at  the  conclusion  of  §  53. 

The  following  observation  will  be  here  inserted,  which  ought 
to  have  been  in  a  note  to  §  42^  page  358,  voK  3  $  in  lines  28 
and  24  it  standft— **  that  their  common  aeiUre  o  f  gravity  may 
coincide  in  T ? The  note  ouglit  to  be  tliis,  iiaiviely  :  As  all 
nations  do  not  fit  their  ships  in  the  same  manner,  by  which  the 
common  centre  of  gravity  of  all  the  weights  neither  is^  nor  can 
be,  at  the  same  place  longitudinally  \  and  as  it  also  happens, 
that  vessels  are  built  for  certain  purposes  which  require  some 
particular  fitting,  by  which  the  situation  of  certain  weiglits  is 
fixed,  and  for  which  there  is  scarcely  room,  it  is  therefore  par- 
ticularly necessary,  that,  after  the  magnitude  of  the  vessel  has 
been  found  as  correctly  as  possible,  a  copy  of  the  draught 
should  be  made,  in  which  all  the  weights  and  ballast  should  be 
placed  in  their  proper  situations  in  the  vessel,  by  which  the 
common  centre  of  gravity  of  the  displacement  may  come  to  its 
Jiroper  place  longitudinally,  otherwise  it  would  be  necessary  to 
filace  the  ballast  where  it  should  not  be,  in  order  to  give  to  the 
vtssel  Its  determined  trim. 

In  conclusion  :  as  the  method  of  the  construction  ofshipiwhlch 
I  have  given  above,  which  is  equally  applicable  to  particular  as 
well  as  general  cases,  is  the  fruit  of  many  years*  research,  without 
Mttg  grounded  on  other  authors  $  and  as  this  work  must  inevita* 
bly,  at  my  great  age,  be  the  last  effbrt  of  my  various  endeavours 
to  perfect  the  science  of  ship  building:,  T  maybe  allowed  to  dedi- 
4:iite  it  as  my  testament  or  memorial  of  what  1  have  been  able  to 
a>iitfibtitt  to  it>  to  all  enlightened  admirers  of  this  uoble  science; 
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On  Rotatory  mid  Rectilinear  Motions, 


Art.  II.— 0;*  Rotatory  and  Rectilinear  Motions  ;  with  Obser^ 
vations  on  the  Effects  of  those  Forces  which  are^  in  some 
cases^  brought  into  operation  by  them.  By  Mr,  huyrDf  of 
H.  M  Dock  Yard,  Portsmouth,  formerly  of  the  School  of 
Naval  Architecture  • 

It  is  well  known  that  the  rotatory  motion  of  a  body,  in  free 
space,  alvv.'ivs  takes  place  rnmul  an  axis  ji  issinc:  throu^^h  its 
centre  oi  gravity.  It  \^  true,  also,  whea  bodies  are  imaiersed 
in  fluids,  and  acted  on  by  variable  forces*  This  fact,  however, 
hiM  beenfreqaeDUydeniedi  by  men  too,  possessing  considerable 
knowledge  of  subjects  connected  with  naral  science. 

Mr.  Wilson,  of  the  Navy  Office,  in  his  "  Observations  on  a 
Ship's  RoUiag,*'  No.  9,  page  SI  of  this  work,  after  having 
stated  that  some  writers  consider  that  a  ship  in  rolling  turns 
round  an  axis  passing  through  the  centre  of  gravity,  says, 
**  On  the  contrary,  other  writers,  and  Chapman  among  them, 
whose  name  alone  is  a  host  on  bul)jeets  of  naval  science,  con- 
sider the  axis  of  rotation  to  pass  through  the  metacentre/' 

Every  person  who  has  the  pleasure  of  knowing  Mr.  Wilson 
must  be  well  aware  that  the  solidity  of  his  judgment,  arising 
from  the  cautious,  philosophic  manner  in  which  he  avails  him- 
self of  his  vast  information,  causes  the  greatest  respect  to  be 
paid  to  his  opinions:  for  .this  reason,  it  is  the  more  desirable 
to  examine  the  correctness  of  what  he  has  advanced. 

In  the  above  quotation.  Chapman  is  said  to  have  sanctioned 
the  opinion,  that  a  ship  in  rolling  does  not  revolve  round  an 
axis  passing  througli  the  centre  of  gravity;  it  is  generally  diffi- 
pull  to  prove  a  negative  fact,  butiu  this  case  it  almost  amounts 
jto  the  same  thing,  if  it  can  be  proved  that  he  asserts  the  con- 
trary of  what  is  here  ascribed  to  him ;  for  ho  is  not  likely  to  be 
inconsistent  with  himself,  and  even  if  he  should  be,  his  autho- 
rity on  this  point  would  be  neutralized. 

In  Chap.  *<i  of  his  Treatise  on  Ship  Building,"  translated 
by  Professor  Inman,  in  treating  on  the  rolling  of  ships,  and  on 
the  method  for  finding  the  length  of  the  isochronal  pendnluni, 
he  says,  page  26,  **  it  is  sufliciently  clear  that  the  nietacentre 
g  or  G  may  be  considered  as  the  centre  of  percussion/'  He 
could  aoty  thereforcj  consider  that  the  ship  revolved  round  an 
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«xis  passiiig  tbreugh  that  point*  But  he  eacpressly  says,  in 
aeveral  plooeiBt  that  the  point  through  which  the  axis'pattes  n 
the  centre  of  gravity.   Thus,  page  24,     But  the  ship  during 

the  iaciiaaliou  is  supposed  to  revolve  round  its  centic  of  i^ra- 
vity/'  Also,  page  26,  "  Tlie  angular  motion  of  a  ship  round 
its  centre  of  gravity  being  stopped  •••««••  but  as  the 
vcMely  without  farther  opposition,  is  supposed  to  roll  back 
round  its  centre  of  gravity  .  «  •  .  •  From  these  passages, 
and  others  of  a  like  tendency,  it  is  inferred  that  Chapman 
cannot  be  considered  as  having  entertained  the  opinion  ascribed 
to  him. 

-  Perhaps  the  clearest  manner  of  showing  that  the  axis  of 
rotation  must  pass  through  the  centre  of  gravity,  and  of 
explaining,  in  some  particular  instances^  the  effect  of  forces 

acting  on  a  ship,  will  he  first  to  inquire  into  the  motions  of  a 
'  body  ill  free  space,  acted  on  by  any  numher  of  constant  forces. 
For,  the  truth  of  the  conclusions  arrived  at  in  this  case  being 
capable  of  strict  demonstration,  they  may  be  taken  as  premises, 
Irom  which  it  will  be  easy  to  draw  other  conclusions  applicable 
to  the  motions  of  ii  sliip. 

It  is  unnecessary  to  prove,  that  if  any  number  of  forces  act 
<m  a  body,  the  pressure  on  the  centre  of  gravity,  and  therefore 
its  motion,  will  be  the  same  as  if  they  were  all  collected  at  that 
point.  It  is  also  well  known  that  any  force,  the  direction  of 
which  does  not  pass  through  the  centre  of  gruvitv,  will  have 
a  tendency  to  turn  the  body  ruuiul  an  axis  pabbiug  through  it: 
which  axis  is  perpendicular  to  the  plane  passing  through  the 
line  representing  the  force  and  the  centre  of  gravity. 

As  these  two  motions  are  totally  independent  of  each  other, 
they  may  be  considered  separately :  that  is  to  say,  the  rectilinear 
motion  of  the  centre  of  gravity  as  if  no  rotatory  existed,  and 
the  rotatory  motion  as  if  the  centre  of  gravity  were  fixed. 

Let  three  planes  be  supposed  to  pass  through  the  centre  of 
gravity,  so  tliat  every  one  may  be  perpendicular  to  the  other 
two:  it  is  evident  that  the  three  lines  formed  by  the  inter«ec* 
tions  of  tlic  planes  will  likewise  be  perpendicular  to  erne  aua- 
ther.  All  forces  not  acting  in  directions  parallel  to  these  lines, 
can  be  resolved  into  others  which  are  in  those  directions*  This 
h  inmedialelj  seen  by  tonceivnig  those  liacif  reprefendng  the 
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hnmf  which,  if  produced,  would  cut  theibr$e  piansi,  at  dia« 
goad*  of  neetangulir  pmUtlopiped%  maiUiip  of  pkuts  pmttal 
to  thoiepoMuig  through  tho  contra  of  gravity;  and  thoie which 
would  cut  two  of  the  planes  only,  as  hypotheuases  of  right 

arii^led  triangles,  whose  sides  are  parallel  to  those  two  plaoeS| 
and  the  planes  of  the  triangles  parallel  to  the  third  one* 

Having  tmolvd  tho  wholo  of  the  foroca  into  othtts,  paralld 
to  tho  linet  fomod  hy  the  intcnoctioiit  of  the  (danct  piwif 
throogh  tho  centra  of  gravity,  let  tho  sttm  of  the  ratolved  foraee 
actiJit;  in  the  same  direction  be  taken.  Now,  suppose  a  rectan- 
gular parailelopiped  to  be  so  constructed,  that  three  of  its  planet 
•hall  coincide  with  the  three  planes  passing  through  the  centre 
of  grafity,  and  ite  length,  breadth,  and  height,  be  equal  to  tho 
9»m  of  tho  resolved  Ibreea  in  thoee  directions  retpeotively  f 
then  its  diagonal,  drawn  from  the  centre  of  gravity,  will  repre- 
sent a  force  whicli,  actino^  at  that  point,  would,  in  the  same 
time,  generate  the  same  rectilinear  motion  as  would  bo  gene* 
rated  by  the  combined  action  of  tho  original  fnroet. 

It  ii  not  neccMary,  however,  to  have  recouree  to  constniction 
to  determine  the  length  or  direction  of  this  diagonal,  as  tt  it 
at  once  seen  that  the  length  is  equal  to  the  square  root  of  the 
•um  of  the  squares  of  the  three  dimensions  of  the  paralielo* 
piped  I  and  its  direction  is  known,  as  the  cosine  of  the  angle 
it  makes  with  any  line  formed  by  the  tnterseettons  of  the  planes 
of  the  parailelopiped,  is  oi|iial  to  that  lino  divided  by  the 
diagonal. 

Jn  order  to  determine  the  effect  of  the  forces  in  producing 
rotatory  motion,  the  centra  of  gravity  is  supposed  to  be  fiaed. 

The  oifect  of  a  single  force  in  producing  rotatory  motion,  is 
in  proportion  to  the  force  multiplied  by  tho  line  joining  the 
centre  of  gravity  and  the  point  at  which  the  force  acts,  multi- 
plied by  the  sine  of  the  angle  made  by  this  line  and  the  one 
in  the  direction  of  the  force,  if  the  whole  of  the  forces  acted 
in  one  of  the  threo  planes  passing  through  the  centre  of  gravity, 
4;hey  would  turn  tho  body  about  an  axis  formed  by  the  inter* 
section  of  the  other  two ;  and  their  joint  effect  would  be  found 
by  taking  the  effects  of  the  forces  separately,  and  adding  them 
together. 

•  >M  thi      louwl  which  any  force  teo^o  ^  turn  tho  hodyi 


Digitized  by  Google 


is  perpendicular  to  the  plane  passing  through  the  line  of  th£ 
force  and  the-oentie  of  gravity^  it  is  evident  that  the  appliour 

tion  of  any  force  which  does  not  act  in  the  plane  in  which  the 
'Other  forces  act,  causes  the  body  to  turn  round  an  axis  inclined 
to  the  former  one.  Let  us,  therefore,  inquire  how  tlie  direc- 
tion of  the  axis  may  be  determined,  round  whkU  the  body 
kwoites,  by  the  cmnbliied  action  of  foreeo  which  m  neilhor  in 
the  same  plane  nor  in  paiallel  directions. 

All  thefHTcee  being  resolved  into  others  perpendieolar  to  the 
three  planes  passing  tliront;h  the  centre  of  gravity,  let  the  efi'cct 
of  the  resolved  forces  in  turning  the  body  round  the  axis,  coin- 
ciding with  the  intersections  of  these  planes,  be  determined 
ecfparately.  This  is  done  by  drawing  lines  from  the  points  at 
which  they  act  perpendicular  to  the  axis,  round  which  their 
effect  in  producing  rotatory  motion  is  to  be  calculated  ;  and  by 
taking  the  sum  of  the  products  f)bt;ui]cd  by  multiplying  each 
resolved  force  by  its  corresponding  hue  thus  drawn,  and  by  the 
sine  of  the  angle  eontained  by  this  line  and  that  of  the  reeolve4 
ibeoe«  Or,  iHiich  amounts  to  the  sanie  thing,  by  taking  the 
tmn  of  the  resolved  forces  multiplied  by  their  respective  per* 
pendicular  distances  from  the  plane  tu  which  they  are  parallel^ 
and  in  which  the  axis  lies. 

Two  of  the  axes  Aie,  of  course^  supposed  to  be  free^  while  the 
effect  of  the  forces  in  causing  rotatory  modoa  round  th9  thir4 
fwe  is  being  determined. 

Now,  it  is  evident  thul  if  tlie  relative  distance  of  a  foi  ec  from 
the  three  axes  be  the  same,  its  direction  remaining  unaltered, 
the  same  rotatory  motion  will  be  produced  if  the  force  vary 
inversely  as  its  distance  from  them.  Let  a  line,  then,  be  drawn 
in  the  plane  of  two  of  the  axes,  and  parallel  to  one  of  them, 
at  any  distance  from  it,  by  which  distance  divide  the  measure 
of  the  effect  of  the  resolved  forces  in  protiiieing  motion  round 
this  axis.  A  force  equal  to  the  result  will,  if  applied  at  any 
part  of  the  line  thus  drawn  perpendicular  to  the  plane  passing 
through  it  and  the  centre  of  gravity^  have  the  same  effect  in 
turning  the  body  round  this  axis  as  the  resolved  forces. 

Let  this  force  be  supposed  to  move  parallel  to  itself  along 
this  line,  until  the  force  multiplied  by  its  perpendicular  distance 
liron  the  other  axis,  becomes  equal  to  the  measure  of  the  eftet 
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of  the  resolved  forces  round  it.  This  force,  then,  will  have  the 
tame  tendency  to  produce  motion  round  the  two  axes  as  the 
rMolved  forcea. 

At  the  point  at  whidi  this  fore^  aets^  and  perpendicular  to 
it,  let  a  second  force  be  applied  in  any  direetioB,  not  passing 
through  the  centre  of  gravity,  so  that  its  efficacy  in  producing 
motion  round  the  third  axis  may  be  equal  to  tliat  of  the  resolved 
forcea*  The  diagonal  of  the  Unea  repmcntlng  these  two  forces 
will  vepiesent  one,  which  alone  will  generate  the  same  rotatory 
motion  as  the  original  forces,  and  roimd  the  tame  am.  This 
axis  is,  as  was  before  stated,  perpendicular  to  the  plane  passing 
through  the  centre  of  gravity  and  the  line  of  the  force. 

Let  a  line  equal  and  parallel  to  this  one  be  drawn  from  the 
oentie  of  gravity. 

We  have  already  fowid  a  Bne  reptetcnting  a  force  at  the 
centre  of  gravity,  the  effect  of  which  in  producing  rectilinear 
motion  is  equal  to  that  of  the  original  forces.  The  line,  there- 
fore, joining  the  extremity  of  these  two  will  represent  the  force 
at  the  centre  of  gravity,  which  acting  in  conjunction  with  that 
producing  rotatory  motion,  will  produce  the  same  effect  at  the 
combined  action  of  the  whole  of  the  original  forces. 

It  has  been  said  that  the  force  producing  motion  round  the 
third  axis  may  be  applied  in  any  direction ;  tbe  quantity  and 
direction  of  the  force  to  be  applied  at  the  centre  of  gravity^  are 
alone  affected :  for  It  will  be  seen,  by  a  little  consideration,  that 
the  plane  passing  through  the  resultant  and  the  centre  of  gra- 
vity will  always  remain  the  same;  as  also  will  the  resultant 
multiplied  by  its  perpendicular  distance  from  the  centre  of 
gravity.^ 


'  It  may  be  thus  demonstrated Let  c  Fig.  11  be  tbe^^iip|i{S^ 
gravity  of  the  body,  through  which  the  axis  passes  perpend|ea)ari|t 
the  plane  of  the  paper^  apd  a  the  point  at  which  the  force  aeis  la  die 
tame  direction :  at  the  point  a,  also,  the  other  force  is  to  be  applied  ik 

any  direction  in  the  plane  of  the  paper.  The  resultant  of  these  two 
forces  is  always  in  the  same  plane.  '       *  '  ' 

Let  a/,  a      represent  two  forces,  which  have  the  same  effect  in 
turniug  the  hody  round  the  axis  passing  through  c.   Let  a/  be  per* 
pendicttUr  to  ac« 
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A%  we  koofw  the  sitnation  and  direction  of  a  Ibrce  whieh  will 
produce  the  same  rotatory  motion  as  the  whole  of  the  original 

forces,  the  point  may  easily  be  found,  at  which,  if  any  g^ven 
force  were  applied,  the  same  effect  would  be  produced.  It 
immediately  follows  from  this,  that  if  the  motion  of  the  centra 
of  gravity  be  perpendicular  to  the  axis  round  whieh  the  body 
revolves,  it  becomes  unnecessary  to  apply  a  force  at  the  centra 
oi  gravity,  as  the  situation  of  the  one  producing  rotatory  motion 
can  be  determined^  so  that  it:»  quantity  and  direction  shall  be 
such  that  it  will  generate  the  necessary  rectilinear  motion* 

We  see^  therefore,  that  two  forces,  and  sometimes  one,  can 
be  found,  which  will  produce  the  same  effect  as  any  number  of 
constant  forces  actine^  in  various  directions. 

It  will,  no  doubt,  be  at  once  admitted,  that  the  same  effect 
which  is  produced  by  the  action  of  fluids  on  a  body  may  be 
produced  by  the  action  of  an  indefinite  number  of  variable 
forces  acting  at  different  points.  If  so,  it  immediately  follows, 
from  what  has  been  shown,  tliat  if  at  any  particular  instant  the 
forces  be  supposed  constant,  one  force  may  be  so  applied  as  to 
have  tlie  same  eflect  in  producing  rotatory  motion  as  the  com- 
bined action  of  the  whole  of  them ;  and  if  this  force  should  not 


Draw  c  b  perpendicular  to  af^^  and  join //^. 

Now,  ae  X  af  SSI  a/,  X  eb 

ae  :  d6  =s  a/  :  a/,  and  the  angles 
fafy.,  aeb,  being  equal,  the  triangles  f  a  f^,  b  c  a,  m  similar* 

aff,  18  therefore  a  right  angle.    Hence  a  c  is  parallel  to  ff,. 

Aif  and/*,  let  lines  be  drawn  parallel  and  equal  lo  ihc  liue  repre- 
senting the  force  at  a,  vvliich  is  perpendicular  to  the  plane  of  the 
paper.  The  lines  joining  tlie  point  a  and  the  upper  extremities  of 
these  lines  will  represent  the  resultants.  It  is  evident  that  these 
resttltaots  and  ac  are  io  the  same  plane,  since  a  c  and  the  h'oejoia- 
lag  the  extremities  of  the  resultants  are  each  of  them  parallel  tof/» 

It  is  also  evident,  from  similar  triangles,  that  the  resultant,  of  which 
a/ is  the  vertical  projection,  X  ac  s  the  resultant  of  whieh  a/^ 
is  a  similar  projection,  X  the  perpendicular  drawn  to  it  from  the 
pointy C.  The  effect,  therelbre,  of  the  resultant  in  producing  rotatory 
motion  round  the  vertical  axis  passing  through  c,  is  the  same  what- 
ever be  the  direction  of  ay^. 
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produee'the  saftie  motion  of  the  centre  of  gravity,  it  may  be 
produced  by  applying  at  that  point  a  second  force  to  act  in 
fMiBjunotaon  with  the  hrst.  At  the  next  iuttant,  other  two 
fdrcet  may  be  so  appiied  an  to  produce  the  same  effaata/aa  tlM 
wiabla  foreasi  and  so  on  for  avety  successive  instant*  of  tiaoe* 
k  is  evident,  tben^  that  by  the  action  of  two  forees^the  quantity 
and  direction  of  which  are  continually  varyinu:,  the  same  effects 
may  be  produced  as  by  the  action  of  fluids^  either  iu  comhina^ 
tion  or  not,  with  the  action  of  any  other  forces  wbalaver. 

The  only  qaestion  now  iS|  What  effects  will  be  pnoduced^ 
these  two  variable  forces  ?  It  is  quite  certain  that  the  ooe^  at 
the  centre  of  |»ravitv  can  neither  accelerate  nor  retard  the  rota- 
tory motion,  nor  can  it  alter  the  pu^itioii  oi  ilie  axis  round 
whieh  it  takes  piece.  The  rotatory  motion  will)  therefore^  be 
the  sasie^  in  every  lespect^  as  if  the  body  were  aeted  on  by 
one  force  only. 

If  the  quantity  and  direction  of  this  force  be  supposed  con- 
(Btant  durine:  successive  nicrements  of  lime,  the  axis  round  which 
it  will  tend  to  turn  the  body  during  each  ol  them  will  pass 
through  llie  centre  of  gravity  |  that  is  to  say,  the  centra  of  gra^ 
vity  will  have  no  rotatory  motion  communieated  to  it*  This  ii 
true,  however  small  those  increments  are  taken ;  it  is,  there- 
fore,  true  when  they  are  evanescent,  or,  in  other  words,  when 
the  force  is  constantly  varying. 

It  may,  perhaps^  be  vnneeessary  to  remark,  that  the  centre 
of  graiaty  cannot  remain  at  rest,  unless  the  resultant  of  all  the 
forces  supposed  to  be  collected  at  that  point  becomes  equal  to 
nothing. 

Although  the  motion  of  the  centre  of  gravity  and  the  rotatory 
motion  do  not  aflfect  each  other,  yet,  in  some  cases,  forces 
which  are  consequent  upon  them  being  brought  into  action^ 
produce  eilects  on  both  these  motions. 

In  order  to  illustrate  this  observation,  we  will  take  two  or 
three  instances  in  which  the  said  forces  have  been  overlooked. 

Mr.  Major,  in  the  "  Annals  of  Philosophy,"  No.  66,  page 
411,  proposes  the  following  method  for  finding  the  height  of 
the  eentre  of  gravity  of  a  ship 

An  horizontal  lateral  force  is  applied  at  some  part  of  the 
mast  or  topmast,  and  the  angle  of  the  ship's  iuclui^ioa  noted* 
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The  ship  is  then  allowed  to  resume  her  upright  position,  and 
by  means  of  a  greater  force,  appHed  in  the  same  manner  as  the 
first  one,  hut  at  a      bfiight,  8h«  it  iuciiueU  to  the  arae  angle 

The  efffet  of  each  fbiee,  in  iocliiiiii^  Ibo  tkipf.  is  as  the  Ibrea 

multiplied  by  the  line  drawn  from  the  point  at  which  it  acts 
at  right  angles  to  the  longitudinal  horizontal  axis  pass! tig 
through  the  centre  of  gravity,  multiplied  by  the  cosine  of  the 
abip*ti  aagla  of  inelination*  Tha  aagie  of  inelination  bauig  tha 
•ama  in  both  aasas^  it  is  infemd  that  tha  firat  force  x  tha  Una 
drawn  from  the  point  at  ^hwh  it  acts  perpendieular  to  the 
axis  X  COS.  of  the  angle  of  inclination  3=  the  second  force  x 
the  Hue  drawn  from  the  point  at  which  it  acts  perpendicular 
to  the  axis  x  cos.  of  tha  angle  of  inclination*  The  cos.  of 
tha  angla  of  inclination  may  be  struck  out,  at  it  ia  found  in  both 
aides  of  the  equation*  The  distance  of  the  two  forces  firom 
each  other,  as  well  as  the  forces  themselves,  being  known,  the 
distance  of  the  anis  from  either  of  them  may  be  calculated.  . 

Now,  those  inclining  foroaa  which  are  brought  into  operation 
by  tha  ktaml  motion  ara  not  taken  into  ac ooiiiit*  Lat  ui  i»« 
quire  what  eflect  these  forces  will  produce* 

It  is  very  evident  that  the  lateral  motion  will  continue  to 
increase  until  the  horizontal  lateral  force,  arising  from  the 
resistance  of  the  water,  becomes  equal  to  the  iiorisontal  forea 
whfcb  producas  the  motion.  These  two  fbroea  must  be  in  tha 
tame  vertical  plane,  nnoe  there  It  no  motion  roand  a  tartioal 
axis.  To  this  plane  the  vertical  force  arising  from  the  resist-i 
ance  of  the  water  may  be  transferred,  its  distance  from  the 
longitudinal  axis  remaining  the  same ;  for  it  is  not  necessary 
to  attimata  iU  affect  in  producing  motion  round  a  traasvana 
boriaontal  axis. 

The  lateral  and  vertical  forces  of  the  water  either  assist  ia 
ineli[iing  the  ship,  or  the  contrary,  according  as  the  lines  in 
their  direction,  when  produced,  pass  below  or  above  the  longi- 
tudinal axis  passing  through  the  centre  of  gravity.  We  have 
no  means  of  ascertaining  the  absolute  effect  of  these  forces^  as 
we  know  neither  the  height  of  the  loagitadinal  axis  nor  the 
amount  of  the  vertical  force^  nor  the  points  at  which  the  two 
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lorces  act.  We  may,  Mvertbelm^  see  in  what  maimer  they 
wSiet  the  mult  of  the  experinent. 

Let  the  leraltaiit  of  these  two  foreea  be  firodaGed  ontil  it 
intersects  the  loDgitudinal  plane  passinj^  through  the  middle  of 

the  ship.  The  forces  may  be  supposed  to  be  transferred  to  tlie 
point  ot  inter:>ec'tion,  the  horizoutal  force  being  equal  to  the 
one  applied  to  produce  inciiaation,  and  the  vertical  force  un* 
known.  The  effect  of  the  vertical  force  is  as  the  force  x  the 
distance  of  the  point  at  which  it  acts  from  the  axis  x  sine  of 
the  angle  of  the  ship*s  inclination.  If  the  angle  of  incH nation 
be  small,  the  effect  of  this  force  is  iticonsiderable  when  com- 
pared with  that  of  the  hohaontal  one;  we  will  therefore^  for  a 
moment^  disregard  it.^ 

The  effect  of  the  horisontal  force  is  as  the  force  x  the  dis- 
tance of  the  point  at  which  it  acts  from  the  axis  x  cos.  of  the 
i»hip*s  inclination.  Accordinjr  us  this  force  passes  above  or  below 
tiie  axis  of  rotation,  this  expression  for  its  effect  must  be  sub- 
tracted from,  or  added  to  that  for  the  effect  of  the  horisontal 
force  applied  at  the  mast.  In  this  case,  therelbfe»  tlie  result 
of  the  experiment  wonld  be  an  approximation  Co  the  height  of 
that  point  in  the  vertical  longitudinal  secUoti^  through  which 
the  line  of  mean  resistance  passes. 

if  the  vertical  resistance  be  too  great  to  be  neglected,  the 
point  found  would  be  something  above  or  \xt\ovr  the  one  jnst 
mentioned,  according  as  this  point  is  above  or  lielow  the  axis 
pat-biiig  through  the  centre  of  giavity;  thus  removing  the  point 
still  farther  from  this  axis. 

if  the  inclining  forces  were  applied  perpendicular  to  tlie 
plane  of  the  masts,  then,  whatever  be  the  inclination  of  the 
ship,  the  pomt  determmed  would  be  the  one  in  the  vertical 
longitudinal  plane  through  which  the  resultant  of  the  water 
pabfies.    For,  in  this  case,  the  resultant  may  be  resolved  into 


1  It  must  be  rcm^nihered,  that  wlxm  tlie  eflVrt  of  the  rertic-Hl  force  it 
Bj»oken  of  as  beings  fmull  in  comparison  with  that  ot  the  hoj  izontnl  c  ne,  it  is 
after  those  forces  are  trBnsferrtd  to  tire  })oint  where  their  resultttbt  cutsUi* 
loDgitudiaal  ylme  pusMug  Uirou^ii  ihv  luiddie  of  tlie  ^^.li'^  J)4K|4i^ 
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two  form,  one  perpeadieular  to  the  inelining  foree,  and  die 
other  parallel  to  it. 

We  see,  therefore,  that  when  there  is  no  vertical  force  to  be 
taken  into  account,  the  situation  of  the  point  found  has  no 
relation  whatever  to  that  of  the  centre  of  gravity  ;  and  when 
there  is  a  vertical  foree«  the  higher  the  centre  of  gravity  is 
situated  the  lower  will  be  the  point  found  by  this  experiment, 
and  vice  versa,^ 


^  If  these  observations  be  not  sufficieotlj  dcari  they  ma^  be  ren- 
dered so  by  reference  to  a  diagram. 

Let  the  vertical  plane  passing  through  the  two  inclining  forces 
abfCd,  Fig.  12,  cut  the  longitudinal  axis  passing  thiough  the  centre 
of  gravity  in  the  point  o.  .  To  this  plane  the  vertical  force  aiisii^  from 
the  resistance  of  the  water  is  transferred.  The  horizontal  force  nece»» 
sarily  acts  in  this  plane,  r  is  the  point  in  which  the  resultant  of  these 
two  forces  cuts  the  longitudinal  plane  passing  through  the  middle  of 
the  sliip,  and  to  wliich  point  they  are  transferred,  r  m,  r  h  represent 
those  forces  when  t)ie  ship  is  inclined  by  liie  iorce  a  b  ;  and  r  ?<,  rky 
when  she  is  inclined  by  the  force  c  d.  rm  and  r  n,  for  tlie  reason 
before  given^  are  equal  to  a  6  and  c  d  respectively^  and  r  k  and  r  k 
unknown. 

Mr.  Major  assumes t— 

a6.ao.cos9  =  cd  »  co  ,  cos  $,6  being  the  angle  of  incli- 
nation. 

Dividing  both  sides  by  cos  $,  substitntiog  (a  o  —  a  c)  for  c  and 
transpoeingy 

ao(cd  —  o6)  =  c  d  .  ac 

cd  .  a  c 
a  0  =  — 3  7« 

Now  the  true  equation  is, 
a6  .  ao  •  cos  d  —  r  01  •  r  0  .  cos  d  —  r  A  .  ro  .  sin  6  rs 
c   •  c  0 .  cos  9  ~«  r II  .  ro  •  cos  9  —  r  A  .  ro  sin  0 

By  transposing  r  ifc .  r  o  •  sin  9,  dividing  by  cos  9,  and  snbsfitnting 

for  rm  and  rn  their  equals  a 6  and  cd^ 

ah  ^ao  ^  ab  ,ro  +  (r  A  —  r  Jl)  r  o  .  tan  6  s=  cci  .  co— c<f  •  ro 
By  substituting  (a  o  —  a  e)  for  e  o,  and  kk  for  (r  k  —  r  h) 
ub  •ao    ab  ;ro     k  h  •  r  o  Aw  9     a  d  {a  o    ac)'^  cd  .ro 
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In  No.  I  of  tbn  wotk,  page  16»  we  meet  with  the  Mlowkg 
method  for  finding  the  centre  of  gravity  : — 

^  Another  method  proposed  for  findHng  the  centre  of  gravity 

is  by  causing  the  ship  to  roil,  by  the  crew  going  together  from 
side  to  tstcle,  and  having  pemun^  in  boats  at  the  .^ilmh  imd  6t«rm- 
post,  to  ofoserre  the  points  that  do  not  partake  ot  a  circular 
motioiit  which  are  the  polet  of  the>  axia  ^.  retalieak'tMMi 

pasMS  through  the  centre  of  gravity  of  the  ship(i**vf  f  "  . 

It  is  then  added,  "  There  is,  however,  a  fliilicultv  in  nl)seiV- 
ing  tliese  points  on  account  of  the  rising  and  laihug  of  the 
centre  of  gravity,  in  consequence  of  the  inclination." 

This  case  is  the  reverse  of  the  other,  in  which  thi  I^Mwy 


Or,  {ao  —  ro)  {c  d  —  ab)  —  kh  ,  r  o  ,  tan Q  ^  c d  ,  a  c 
Dividing  by  (c  d     a  6)  and  putting  ar  for  (ao     >#)  afHiiiH 

II      'J^  '      ^  be  io  small  that  it  maj  be  neglected,  then 

c  a     a  o 

arts  L^-i-^^  nearly*  Ueacei  in  ibia  caaa,  instead  of  the  distanea 

cd  —  ao 

t.  ,     c  d  .  a  € 

of  the  centre  of  gravity  from  the  puiat  a  being  e<juai  to  r-r— ^>  we 

see  that  this  expresfaLaii  lias  no  relation  to  the  situation  of  the  centre 
of  gravity,  but  to  tbat  of  the  point  where  the  resultant  of  the  u  ater 
ioteisects  the  longitudinal  plane  passing  through  the  middle  of  the 

ship.   If  ^f.  '^l.  '^^  ^  ^        ^  ^  neglected,  then  the  point 

determined  by  this  experiment  will  be  above  the  point  r,  as  was 
before  stated ;  and  €mieri$  part6«t,  the  lower  the  centre  of  gra« 

vity  is,  the  higher  will  be  the  point  determined,  and,  therefore,  the 
farther  removed  from  it. 

If  the  resultant  nt  ihe  water  pass  below  the  centre  of  gravity,  the 
cxpiesuons  for  the  effect  of  the  vertical  and  horizontal  forces  '^vifl 
be  positive  instead  of  negative ;  in  other  respecU  the  sane  procsss  is 
^y|J|yi|^  mail  mailar  conclnsinnawill  be  airiind  aL 
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foree,  brought  into  operation  in  consequence  of  the  rectilinear 
motion^  was  neglected*  Here  tlie  rectiiinear  motion,  caused 
by  thtt  resistance  of  the  wtter  in  ednseqnence  of  the  rotatory 
motion,  is  neglectedf  This  resistance  would  cause  tho  etntrt 
of  gnniy  to  move  from  side  to  side  ;  so  that  the  fixed  pointy 
if  indeed  any  point  be  fixed^  mu6t  lie  higher  than  the  centre  of 
gravity. 

Independently  of  this  consideration,  the  experiment  would 
be  inconclusive,  in  as  much  as  the  situation  of  the  centro  of 
gravity  itself  is  eontinually  altered  by  the  crew  going  from  side 

to  side. 

It  has  been  shown  that  if,  by  means  of  any  force  which  is 
not  vertical,  a  ship  be  made  to  incline,  the  lateral  motion  causes 
a  horisontal  and  a  vertical  force  to  be  brought  into  o]ieration. 
The  degree  of  inclination  must  evidently  depend,  in  some  mea* 
sure,  on  the  quantity  and  direction  of  their  resultant. 

At  wood,  however,  says,  in  page  303  of  his  "  Philosophical 
Transactions/'  1/98;— 

It  is  here  necessary  to  observe,  that  the  force  of  stability 
flmd  the  measure  of  it,  the  subject  of  investigation  in  the  pre* 
ceding  pages,  is  wholly  independent  of  the  water's  resistance, 
which  co-operates  only  while  it  is  inclining,  and  wholly  ceases 
as  soon  as  the  vessel  has  attained  to  its  greatest  inclination,  at 
which  it  is  supposed  permanently  to  remain  in  a  state  of  equiii*- 
brium,  the  inclining  force  being  exactly  balanced  by  tlie  Ibrce 
of  stability*   This  observation  will  obviate  any  difficulty  that 
might  possibly  uecur  fioai  the  principle  btated  in  page  213; 
which  IS,  that  if  the  zone  VV  H  F  C,*  comprehendins;:  that  por« 
tion  of  the  sides  of  a  vessel  which  may  be  immersed  under,  and 
may  emerge  above  the  water^s  surface,  should  be  the  same  in 
two  vessels,  the  stability  will  be  the  same  at  all  equal  angles 
from  the  upright,  whatever  shape  be  given  to  the  form  of  the 
volume  immersed,  which  is  situated  beiicLith  the  said  zone,  pro- 
vided the  vessels  be  in  other  respects  similarly  constructed  and 
acyusted :  if,  for  instance,  the  keel  of  one  vessel  should  be  v^ty 
deep  under  the  body  of  t)ie  vessel,  the  keel  of  the  other  heing 


t  Th»  wiU  bs  Misly  undtistoe4  vithosi  s  igm* 
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of  the  ordinary  dmimiiioiis^  the  deeper  keel  will  oppose  an 
inereaied  retistanoe  to  the  inclination  of  the  vesael  only  while 
it  ii  inelimng,  so  as  to  make  it  heel  slower ;  but  will  not  alter 

the  angle  of  permanent  inclination  caused  by  a  given  force  of 
the  wind,  or  otiier  unifornT  power :  which  inclination  depends 
entirely  on  the  stability  which  has  been  determined  m  the  pre- 
ceding pageSj  and  has  no  relation  to  the  resistance  of  the  water^ 
which  arises  from  the  Tcssel's  inclination  round  its  longer 

8X18/ 

It  is  true  that  the  resistance  of  the  water  does  not  affect  the 
9tabilityy  but  it  affects  the  incUnaiion  of  the  ship^  which,  in  a 
practical  sense^  is  the  same  thing  |  and  of  two  ships  with  the 
same  masts  and  sails,  the  one  which,  with  the  same  force  of 
wind,  inclines  to  the  less  angle,  may  be  said  to  possess  greater 
stability  than  the  other. 

But  Atwood  not  only  says  that  tlie  stability  is  not  affected 
by  the  resistance  of  the  water,  but  also  that  it  wholly  ceases 
as  soon  as  the  vessel  has  attained  to  its  greatest  inclination.!* 
The  resistance  occasioned  by  the  rotatory  moHon  of  course 
ceases  %vith  that  motion,  but  the  resistance  occasioned  by  the 
lateral  motion  always  exists  3  which  resistance  most  certainly 
would  alter  the  angle  of  permanent  inclination,  unless  the  line 
of  mean  resistance  passed  through  the  longitudinal  axis  paanng 
through  the  centre  of  gravity  of  the  ship. 

It  is  also  said,  that  the  only  effect  produced  by  a  deep  keel 
under  a  vessel  will  be  to  make  it  heel  slower,  but  will  not 
alter  the  angle  of  permanent  inclination  caused  by  a  given  force 
of  the  wind,  or  other  uniform  power."  Now,  a  deep  keel  not 
only  increases  the  lateral  resistance,  but  it  causes  the  line  of 
mean  resistance  to  pass  through  a  point  at  a  greater  distance 
from  the  inchnin^  force.  For  which  reasons  such  a  ship,  under 
all  circumstances,  must  incline  at  a  greater  angle  than  one 
which  has  a  keel  of  the  ordinary  dimensions. 

If  the  effect  produced  on  the  inclination  by  the  resistance  of 
the  water  needed  any  farther  illustration,  we  may  suppose  a 
prism,  generated  by  the  inotion  of  an  isosceles  right  au^ied 
triangle,  to  be  so  placed  in  the  water  tliat  the  side  generated  by 
the  base  of  the  triangle  may  be  in  the  plane  of  the  water*a  aur- 
hict*  Let  it  movu  laterally*   If.thera  be  110  ineliaation^  the 
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mean  resistance  will  pass  through  the  line  formed  by  the  inter- 
fiectioQ  of  the  plane  of  the  water's  surface  with  a  vertical  one 
bisecting  the  prism  lengthways.  The  mean  resistance  on  a 
vertical  plane^  immersed  the  same  depth  as  the  prism,  would 
pass  through  a  point  half  its  depth  below  the  surface  of  the 
water.  Hence  in  producing  inclination^  the  effect  of  the  same 
inclining  force  at  the  same  height  above  the  water's  surface, 
and  acting  in  conjunction  with  the  resistance  of  the  water, 
would  be  less  in  the  former  case  than  in  the  latter,  by  the  force 
multiplied  by  half  the  depth  of  the  plane,  or  of  the  prism. 

We  see,  also,  that  the  effect  of  a  similar  force  brought  into 
operation  by  the  ship's  moving  in  the  direction  of  her  length 
IS  such,  that  an  horizontal  force  in  the  same  direcUon^  applied 
at  a  point  at  a  considerable  heiglit^  the  poini  vdigue  produces 
no  depression. 


Art.  IIL — Obrnvatum  relative  to  the  late  eapermenial 
Cruises  of  Skips  of  War,  with  a  mew  of  shamng  hy  wkai 

means  a  f  uture  experimental  Trial  of  Ships  may  be  ren^ 
dered  subservient  to  the  advancement  of  the  Science  of  Naval 
Architecture.  By  Mr.  William  Henwooj)^  qfhis  Mq^'esiy's 
Dock-yard,  PcrtmmUh* 

An  account  of  the  principal  dimensions  of  ships  of  various 
dasses  in  the  British  navy,  given  by  Mr.  Bennett  in  the  lifth 
Number  of  this  work,  sufficiently  shows  tliat  the  lengths  and 

breadths  of  ships  of  war  have  always  been  determined  in  a 
purely  arbitrary  manner.  It  does  not  appear  that  any  well-re- 
cognised principle  or  rule  has  hitherto  been  eith^  propounded 
or  adopted,  for  the  guidance  of  constructors  of  ships,  in  fixing 
on  the  length,  breadth^  and  depth  of  a  vessel.  The  old  method, 
of  making  a  ship  a  little  longer,  or  a  little  broader,  or,  possibly, 
a  little  deeper,  or  the  reverse,  than  some  favourite  Freiich, 
Swedish,  American,  Spanish,  or  Dutch  ship,  has  been  univer* 
■ally  followed  by  English  ship-builders. 

It  appears  highly  desirable  we  should  eodaanmr  to  lUMMnrer 
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tod  fix  the  limite  beydnd  which  the  length  tod  hreadth  and 
d^th  ot  k  ship  should  not  he  carried.   This,  it  is  considered, 

can  be  done  in  no  other  way  than  by  instTtutiiic:  a  mncli  more 
minute  and  btiictly  scientific  comparison  between  ships  of  the 
same  class,  of  different  dimensions,  than  has  evf>r  yet  been  done* 
It  is  perfectlj  certain  we  possess  the  mean*  of  finding  ont  the 
canses  of  those  palpable  differences  in  the  performances  of 
ships  at  sea,  which  excite  surprise  and  amazement  in  many  in- 
dividuals, and  di>iHise  them  to  conchide  the  subject  is  iiiv(*lvcd 
in  impenetrable  mystery.  All  that  can  be  required  is,  that  the 
ktiowledge  we  are  already  in  the  possession  of  should  be  fairly 
brought  mto  play»  and  allowed  full  scope  for  its  exercise. 

It  is  much  to  be  regretted  that  so  very  few  facts  hare  been 
elicited  by  the  several  recent  experimental  cruises  of  our  ships 
of  war.  The  causes  of  this  circumstance  appear  to  the  writer 
to  be  a  subject  deserving  of  minute  inquiry  and  full  exposition. 
The  expense  of  sending  a  number  of  ships  to  sea^  for  the  ex- 
press purpose  of  finding  out  which  is  the  fastest  sailer,  or  the 
best  ship,  is  so  great,  tluit  if  any  method  can  be  su^i^gested  to 
ensure  the  obtaining  a  satisfactory  result  from  any  future  trial 
of  the  sailing  qualities  of  ships^  it  is  to  be  hoped  it  will  meet 
with  the  attention  it  may  deserve. 

The  experimental  trials  of  the  Orestes,  Champion,  an dPylades, 
corvettes  of  18  ^uns,  in  the  years  1824  and  1825,  terminated, 
unfortunately,  bi  forc  it  had  been  so  fully  ascertained,  as  was  to 
be  desired,  which  of  the  three  was  the  best  ship.  The  result 
df  the  first  cruise  was,  that  the  Champion  was,  on  the  whole, 
rather  tha  best  of  the  three.  Several  alterations  were  made  in 
the  other  two  »hip<;,  previously  to  their  sailing  the  second  time, 
but  no  alteration  was  niadc  in  the  Chamj)ioii  : — she  sailed  the 
second  time  precisely  as  she  did  the  hrst ;  and  she  was,  through 
this  circuuiMnce,  a  standard  of  comparison  by  which  the  good 
br  bad  efiects  of  the  alterations  made  in  the  other  ships  eoold  be 
manifested.  At  the  end  of  the  second  cruise^  It  was  most  oIk 
vious  that  both  tlie  Orestes  and  the  Pvlades  had  been  exceed- 
ingly  improved  by  what  had  been  done  to  them;  and  that  the 
Orestes  was  decidedly  the  best  ship  of  the  squadron.  Pre- 
viously to  the  third  cruise,  all  the  ships  were  altered,  and  no 
tttttdird  of  foropansoli  was  preaemd|  and  the  mflt  of  the 
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third  cruise  was,  in  consequence,  rendered  altogether  a  matter 
of  uncertainty.  Had  no  alteration  whatever  been  made  in  th^ 
Orestes  after  the  seeond  trial,  it  would  have'  been  proved  whe^ 
fher  what  had  been  done  td  the  Champioii,  and  th6  P^Iades, 
had  hMi  productive  of  benefit^  or  the  contrary. 

A  simiktr  want  of  a  test,  by  which  the  good  or  the  bad  eifect^ 
of  the  alterations  made  in  the  ships  of  the  experimental  squad<« 
fdn  of  16279  (o^  which  an  account  ivas  giveii  by  Mr.B^hett, 
in  the  article  Hbove  referred  to,  and  by  Mr.  Chatfield,  in  the 
seventh  Number  of  this  work,)  appears  to  hav^  existed.  Ft 
was  stated  in  No.  73  of  the  Quarterly  Review/*  relative  to  the 
result  of  the  trials  of  this  squadron,  that  the  gallant  admiral 
Who  commanded  it  would  not  decide  which  of  the  ships  Waa 
better  than  thd  others.  Reflection  on  these  and  other  dreuni<* 
stances,  which  need  not  be  nientioned,  has  led  the  writer  to 

conclude  that  it  would  be  possible,  in  a  future  trial  of  rival 
vcssek,  to  obtain  a  satisfactory  and  indisputable  account  of  the 
relative  merits  of  a  number  of  ships^  if  the  following  consider-^ 
&tions  and  mode  of  proceeding  Were  to  be  Attended  to  altd 
observed* 

It  h  essentially  necessary  that  all  the  ships  of  an  experi- 
Wehtal  squadron  should  proceed  to  sea  as  nearly  as  possible 
under  the  same  circumstances.  They  should  carry  the  same 
proportion  of  stores  and  other  weights,  with  the  exception  of 
bdlast,  the  quantity  of  which  must  be  sufficient^  in  conjunction 
with  the  other  weights,  to  produce  the  d^ted  degree  of  stabi- 
lity. Tire  bottoms  of  the  ships,  also,  should  he  e(|ually  clean  ; 
and  the  officers  to  command  them  should  be  selected  solely  on 
account  of  their  professional  ability.  Unless  these  particuiura 
Arc  attended  to^  it  is  vain  to  expeet  satisfactory  and  Accurate 
results  f^om  an  experltnental  cruise. 

But  there  are  other  considerations  which  especially  demand 
the  attention  of  those  who  aim  to  find  out  the  relative  excel- 
lence of  iships  in  sailing.  It  is  well  known  that  a  fore-and-aft 
figged  Vessel  has  ft  great  advantage  oter  a  square  fig;ged  vestel 
in  sailing  by  the  wind.  And  there  is  ^very  refason  to  bi^lieV^ 
the  superior  sailing  of  the  Columbine  by  the  Wind,  during  her 
Experimental  cruising,  was  owing,  in  a  great  degree,  to  the 
ineans  aHorded  her  of  bracing  her  yards  so  very  much  aeacer  to 
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the  fore-and-aft  direction  than  any  odier  vessel  of  the  squadron 

could  do.  Mr.  Bennett  has  stated,  in  his  paper  above  referred 
to,  that  "  the  Cokuiibme's  main-yard  was  braced  to  au  angle  of 
19**,  and  frequently  to  an  angle  of  only  17®  and  that  "  the 
angle  to  which  the  main-yards  of  most  of  the  ships  of  the 
squadron  were  braced,  when  sailing  close-hanled,  varied  between 
27**  and  30°.  The  Columbine*s  sails  appear  therefore  to  have 
been  trimmed  somewhere  about  ten  degrees  nearer  tlie  fore- 
and-aft  direction,  than  the  sails  of  the  other  ships  of  the  squad- 
ron. This  difference  in  the  angles  to  which  the  sails  of  those 
ship  were  trimmed  is  so  great,  that  it  is  most  deeply  to  be  re* 
gretted,  when  so  favonrable  an  opportunity  presented  itself  of 
ascertaining  a  most  important  quesiion, — whether  the  fast  sail- 
ing of  tlic  CoiuQibine  was  or  was  not  mainly  owing  to  the  uii- 
vsually  sharp  bracing  of  her  yards, — the  circumstance  should 
have  been  allowed  to  pass  unregarded*  If  any  of  the  other  ships 
of  the  squadron,  which  were  not  deficient  in  stability,  had  had 
the  same  means  afforded  them  of  bracini^  their  sails  to  the  same 
angle  as  those  of  the  Columbine,  it  is  highly  probable  the  latter 
ship  would  not  have  appeared  to  so  great  an  advantage  as  she 
»  said  to  have  done.  The  advantage  obtained  from  bracing 
the  yards  sharp,  would  very  possibly  be  neutralized  in  a  crank 
ship,  by  the  increased  heeling  which  the  sails,  when  so  trimmed, 
would  necessarily  occasion. 

It  is  also  well  known  that  many  ships  have  been  much  im- 
proved in  sailing  by  the  wind,  through  an  additional  depth  of 
keel.  The  beneficial  effect  of  an  increased  depth  of  keel,  in 
preventing  a  ship  from  falling  to  leeward,  was  most  clearly 
c\iiiced  in  the  Pylades,  duriiig  the  second  and  third  experi- 
mental cruises  of  1824  and  1825.  This  ship  was  remarkably 
leewardly  during  the  first  trial;  and  was  rendered  quite  as 
weatherly  as  either  the  Orestes,  or  the  Champion,  by  an  addi- 
tion of  12  inches  of  depth  to  her  keel.  There  was  no  other 
altei  Liliun  made  in  the  Pylades,  which  could  have  produced  tlie 
very  great  difference  there  was,  duriiiig  the  last  two  cruises,  in 
her  sailing  by  the  wind. 

The  resistance  to  leeway  must  certainly  depend  on  the  area 
of  the  vertical  and  longitudinal  section  of  a  ship  under  the 
water.   And,  so  far  as  we  know,  the  ordinary  differences  iu  the 


Digitized  by  Google 


htm  of  the  bottoms  of  ships  of  the  same  size^  can  have  but 
very  little^  if  any,  effect  in  increasing  or  in  diminishing  the  la- 
teral resistance.  We  may,  in  general,  safely  leave  the  form  of 
the  ship  out  of  the  question,  and  assume  that  the  resistance  to 
leeway  depends  on,  and  is  proportionate  to,  the  mean  length  of 
the  ship  below  the  line  of  floatation,  multiplied  by  the  meaa 
draught  of  water.  If  ships  of  the  same  class  have  not  the 
same  means  afforded  them  of  opposing  leeway,  one  ship  may 
always  be  found  to  sail  faster  than  another,  when  sailing  off  the 
windy  and  to  be  very  leewardly  in  comparison  with  the  same 
vessel  when  close  hauled;  whilst  nothing  but  an  additional 
fiilse  keel  is  wanting  to  make  her  in  all  circumstances  the  fastest 
and  most  weatherly  sliip.  It  accordingly  appears  to  be  of  im- 
portance, that  in  a  future  experimental  squadron,  all  ships  of 
the  same  class  should  be  required  to  have  such  a  depth  of 
false  keel  as  will  make  the  product  of  the  mean  lengthy  and  the 
mean  depth  of  the  immersed  part  of  the  body,  equal,  or  nearly 
so,  in  them  all.  Were  this  condition  to  be  made  indispensable 
in  a  future  experimental  squadron,  it  would  be  proved  which  of 
the  ships  met  with  the  least  direct  resistance ;  and  this  is  the 
point  the  most  desirable  to  be  correctly  ascertained* 

Having  stated  what  appears  of  principal  importance  to  be 
attended  to,  in  fitting  out  ships  for  a  trial  of  sailing ;  a  few 
observations  will  now  be  offered  with  a  view  of  showing  how  it 
is  considered  to  be  (|uite  possible  to  arrive  at  a  more  precise  and 
satisfactory  conclusion  respecdng  the  comparative  merits  of 
rival  ships,  than  has  in  any  instance  been  obtained  from  an  ex- 
perimental squadron.  It  has  almost  invariably  occurred  after  a 
number  of  sliips  have  returned  from  a  trial  of  their  sailing,  some 
degree  of  superiority  has  been  claimed  by  almost  every  one  of 
them,  which  has  not  been  acknowledged  by  the  others. 

A  discrepancy  in  the  opinions  formed  by  different  individuals 
respecting  the  comparative  sailing  qualities  of  ships,  appears  to 
arise  out  of  the  difficulty  of  correctly  determining  distances  at 
sea ;  and  the  di£&culty  of  accurately  estimating  the  apparent 
loss  of  some  ships,  and  the  apparent  gain  of  others,  occasioned 
by  a  shift  of  wind,  so  as  to  be  able  to  make  a  just  allowance  for 
such  apparent^  ihuugii  uuii^al,  lusia  oi  bome,  and  gain  ui  other 
abijps*.  .         .  , 
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The  diAcnlty  of  judging  8aei«Aietorily  how  ht  dbtant  any 
ship  is  from  another  at  sea,  is  notorious,  ft  is  well  known  that 

objects,  whether  vio  w  cd  on  land  or  at  sea,  apjjcar  nearer  or 
Biore  distant  than  in  reality  they  are,  in  proportion  as  the  at- 
mosphere  is  more  or  less  clear*  It  is  also  well  known^  we  form  a 
jadgment  of  the  distance  of  an  object  from  us,  when  one  or 
more  objects  intervene,  very  different  from  that  which  we  form 
when  nothing  intervenes.  Philosopliero  have  long  since  re- 
marked, that  the  sun  or  the  moon  when  seen  by  the  naked  eye 
near  the  horizon,  appears  much  nearer  to  us  than  when  beheld 
through  a  tube  which  cuts  off  the  view  of  the  intermediate 
houses,  trees,  ships,  or  other  objects.  It  is  not  to  be  expected 
that  persons  who  do  not  take  these  things  into  the  account 
should  be  enabled  by  practice  to  judge  correctlv  of  considerable 
distances  at  sea.  8hort  distances  may  on  most  occasions  be 
estimated  by  practised  observers  with  sufficient  accuracy  Ibr 
l^eneral  purposes ;  but  as  the  correctness  of  the  judgment  or 
opinion  of  an  individual  may  always  be  questioned,  the  usual 
mode  of  judgini;  or  giiessins:  distances  at  sea  should  imt  be  al- 
lowed in  a  trial  of  the  saihug  qualities  of  ships,  where  accu« 
racy  and  certainty  are  so  very  desbable.  Nothing  of  the  kind 
would  be  tolerated  in  a  hone*race ;  and  surely  such  a  ftdlacioos 
way  of  arriving  at  a  conclusion  respecting  the  relative  charae* 
ters  of  ships^  should  not  be  adiieied  to  if  a  better  can  be 
followed. 

To  manifest  the  propriety  of  making  due  allowance  for  the 
advantage  which  one  ship  may  seem  to  have  obtained  over  ano- 
ther by  a  shift  of  wind  during  a  trial  of  sailing,  it  is  only  neces^ 
sary  to  observe,  that  if  two  ships,  A  and  B,  which  sail  equally 
well,  are  close  hauled,  with  the  wind,  for  example,  at  east,  A 
being  hve  miles  to  windward  of  B  ;  if  the  wind  changes  from 
east  to  north,  A  will  appear  to  have  lost  five  miles  to  wind- 
wafd,  wheui  in  fact,  both  have  sailed  equally  welL  Thta  would 
be  ^e  case  whether  tiie  wind  changed  suddenly,  or  very  gra- 
dually. The  writer  does  not  buppo!:iC  that  when  so  great  a 
change  takes  place  as  in  the  direction  of  the  wiod^  some 
allowance  is  not  in  general  made  by  naval  officers  for  such  an 
occunrenca  |  but  he  is  disposed  t«  believe,  when  less  palpable 
changes  happen^  they  are  frequently  either  altogether  d]sr^ 
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ships  are  not  duly  appreciated.  If  tiie  fullouiiiii;  suggestions 
were  to  be  attended  to  in  a  future  triai  of  the  sailing  quahties 
of  a  number  of  ships,  it  is  believed  the  relative  excellence  of 
the  vessels^  would  be  moet  cleatly  and  satiefaetorily  ascertained* 

Usually,  in  a  sailing  match,  the  vessels  close  in  a  certani 
order  at  the  commencement  of  a  trial.  Each  vessel  has  then  a 
fair  oppoiluiuty  of  mcasuriiiti;  with  trigonometrical  accuracy 
the  distance  of  the  nearest  ship ;  and  can  also  observe  with 
.precisiou  the  bearings  of  all  the  shifis.  fiveiy  ship  should  do 
this  at  the  same  time,  and  should  afterward  keep  a  minute  and 
exact  account  of  her  own  rate  of  sailing,  and  of  the  direction 
of  her  course.  The  hearings  of  all  tlie  sliips  should  he  taken, 
aud  the  .distance  of  the  nearest  measured,  at  certain  given 
periods  during  the  trial,  by  every  ship.  Each  of  the  shipe 
•shofild  also  note  particularly  the  time  at  which  a  change  of 
tvind  is  observed  to  happen,  and  at  the  same  instant  should 
observe  the  btaiings  of  all  the  others,  and  measure  the  dis- 
tance of  the  nearest.  The  same  should  be  done  whenever  the 
ships  tack,  or  when  they  purposely  alter  the  direction  of  their 
course,  and  also  at  the  time  of  the  termination  of  the  trial* 

Such  an  account  of  every  trial  should  be  furnished  by  eaeh 
ship  at  the  end  of  the  cruise  ;  and  a  good  draughtsman  should 
be  employed  to  make  a  chart  or  dravving  of  the  courses  of  the 
ships  on  each  trial,  hrst  placing  them  in  their  relative  portions 
at  starting,  and  then  tracing  the  course  of  each  ship  Irom  her 
starting  point,  according  to  the  statements  given  of  her  course 
and  rate  of  sailittg.  A  moment's  refleetton  will  make  it  quite 
evident  that,  by  having  the  Ijcaiings  of  each  sliip  observed  by 
all  the  rest,  and  the  distance  of  the  nearest,  determined  by 
«acb,  at  the  same  instant,  any  slight  inaccuracy  in  an  obeer-* 
vation  made  on  board  one  ship,  would  be  immediately  disco- 
vered and  rectified  by  the  concurrence  of  the  observationa 
made  on  hoard  the  otliers.  The  hearings  of  any  number  of 
objects  can  be  most  accurately  observed  in  a  very  short  time, 
however  distant  they  may  be  ;  and  the  distance  of  the  nearest 
ahip  can  be  measured  with  much  greater  certainty  than  that  of 
the  mare  remote.  The  inteneetioiiB  of  tlie  bearings  of  the 
aeveral  ships,  being  found  to  accord  with  die  measured  dis^ 
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tMcet  oC  ^  netmty  dHermined  by  tach  ship  respectively,  wUI 

always  fix  the  positions  of  the  ships  with  the  utmost  precision. 
This  method  will  also  pi  ov(>  linw  nearly  the  rate  of  sailing  had 
been  correctly  found  and  reported  by  each ;  and  whether  the 
ahips  had  measured  with  exactDeM  the  distance  of  the  nearest 
IB  every  instance.  A  perfect  chart  of  each  trial  could  thus  be 
n»de ;  and  if  this  were  to  be  done  in  a  future  experimental 
cruise,  it  would  be  unncnessary  to  ask  any  one  which  ship  sailed 
the  best.  The  charts  would  siiow  which  had  sailed  tastest, 
which  faster  than  another,  and  in  what  degree  ;  and  an  opinion 
about  the  matter  would  be  altogether  superfluous  and  inad* 
mtssible. 

The  very  great  importance  of  accurately  ascertain iniz;  the  cha- 
racters of  ships  as  slow  or  fast  sailers,  appears  from  the  consi- 
deration that  it  is  impossible  we  can  assign  the  best  proportion 
between  the  length  and  breadth  of  a  ship,  until  we  become  poe« 
aessed  of  this  knowledge.  We  have,  it  is  true,  some  facts  upon 
which  we  feel  justified  in  grounding  an  opinion  on  this  subjcci ; 
but  we  have  nothing  bulhcicnily  well  ascertained  and  attested, 
to  satisfy  us  it  is  impossiblei  the  conclusion  we  have  been 
brought  to»  that  our  ships  in  general  ought  to  be  considerably 
broader  than  they  are^  can  be  wrong.  An  instance  of  this 
almost  satisfactory  kind  of  evidence,  that  our  ships  of  war 
ought  to  be  broader,  has  beeji  furnished  by  the  recent  trial  of 
sailing  between  the  Winchester,  a  hfty-two  gun  frigate^  and  the 
Barham,  a  cut  down  seventy-four.  The  Winchester  appears 
to  have  established  for  herself  the  character  of  a  very  fast  sail- 
ing ship,  and  there  seems  to  have  been  no  want  of  proof  that 
the  Barhain  sailed  much  better  after  she  had  been  cut  down 
than  she  did  before.  It  was  therefore  to  be  expected  that  those 
ships  would  not  be  found  to  sail  very  unequally.  And  from  the 
short  trial  which  took  place,  it  appears  to  have  been  found,  the 
two  ships  sailed  so  nearly  alike  when  by  the  wind,  that  it  could 
not  be  asserted  one  was  superior  to  the  other ;  and  in  sailing 
with  the  wind  abaft  the  beam,  the  Winchester  was  rather  the 
fester  sailer  of  the  two. 

The  lengths  of  these  ships,  and  their  sailing  draughts  of 
water,  are  very  neariy  the  same ;  but  their  breadths,  and  the 
weights  of  their  hulls,  and  the  forms  of  their  bottoois^  are  Tefy 
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different.  The  Winchester  is  173  feet  long,  43  feet  9  inches 
broad,  and  her  mean  draught  of  water  is  20  feet.  The  weight 
of  her  hull  is  about  1000  tons  $  and  the  form  of  her  bottom 
is  defined  by  a  very  rising  fioor,  a  tolerably  large  area  of  float* 
ation,  a  pretty  sharp  after  body,  and  a  rather  ttnnsnally  fine 
fore  body.  The  Barb  am  is  17fi  feet  long,  47  feet  6  inches 
broad ;  her  mean  draught  of  water  is  20  feet  3|  inches.^  The 
weight  of  her  hull  is  about  1420  tons;  and  the  form  of  her  bot-» 
torn  is  defined  by  a  flat  floor,  a  rather  less  area  of  floatation, 
in  proportioh  to  her  breadth,  than  the  Winehester,  and  greater 
fulness  of  the  fore  body.  The  quantity  of  sail  carried  by  these 
two  ships  is  very  nearly  the  same  ;  and  the  angle  ot  bracing  the 
yards  cannot  bevery^ltflerent.  The  Winchester  being  the  nar- 
rowest ship,  has  probably  (though  it  is  neither  proper  nor 
unavoidable  that  a  comparatively  narrow  ship  should  have)  a 
sligbt  advantage  in  tbis  respect. 

The  great  and  palpable  differences  between  these  ships  are  in 
their  breadths,  the  weights  of  their  hulls,  and  the  forms  of  their 
bottoms.  The  greater  weight  of  the  Barbara's  hull  (which  is 
owing  to  her  having  been  originally  a  two-decked  ship),  and 
her  consequently  greater  displacement,  must  have  operated  as  a 
considerable  drawback  to  her  velocity  in  sailing  5  and  the  form 
of  her  bottom,  being  that  which  was  adopted  first  by  the 
French,  on  the  erroneous  supposition  that  a  flat  deep  floor 
gives  great  stability)  and  which  form  has  been  copied  from  the 
French  by  the  constructors  of  the  l^ritish  navy,  who  have 
doubtless  supposed  it  the  tie  plus  ultra  of  excellence,  is  that 
which  all  constructors  of  ships,  whether  scientific  or  unscien- 
tific, appear  now  to  consider  and  to  have  abandoned  as  the  worst 
ealcnlated  for  fast  sailing.-  Whence  then  does  it  arise  that  the 
Barham  is  as  fast,  or  nearly  as  fast,  a  sailing  sbip  as  the  Win- 
chester ?  Every  dirtcrence  between  them,  except  that  of  the 
breadth,  which  can  be  supposed  to  affect  their  saHing  qualities, 
must  have  been  prejudicial  to  the  Barham.  To  what  then  can 
the  good  sailing  of  the  latter,  in  comparison  with  the  Winches* 
ter^  be  attributed  so  much  as  to  her  being  nearly  four  feet 
broader,  and  to  her  having  an  area  of  floatation  greater  by 
about  400  feet  than  that  of  the  Winchester,  and  to  her  possess* 
ing  in  contequence  a  greater  degree  of  stability } 
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Anotlieir  na»on  why  tb«  Baifaam,  a  ship  40  mnoh  ketrittr  thun 

the  Winctiester,  was  mpved  as  fast,  or  nearly  as  fast,  through 

the  water  by  ihc  same  (jiiantity  ut  sail  is,  that  the  fuhicss  of 
Uit  fore  body,  and  the  fineness  of  the  after  body,  were  greater 
in  the  Barham  than  in  the  Winchester ;  so  that  the  advantage 
which  the  latter  had  over  the  former  in  the  form  of  her  bottom 
by  the  rise  of  her  floor,  was,  in  all  probahnity,  nullified  by  the 
disadvantage  of  iier  fore  body  being  less  full  than  it  ought  to 
be,  and  her  after  body  Icjss  fine.  The  iiii))ot  tauce  of  a  due 
c|egrce  of  fulness  to  the  fore  body,  and  hacne^s  to  the  after 
body  of  a  ship,  may  he  strikingly  manifested  by  a  compa- 
rison of  the  Winchester  with  the  Java,  another  52-gun  frigate, 
of  very  niearly  Uift  same  length,  brpadth^  depth,  and  displace- 

The  Java  is  known  to  be  a  decidedly  bad  ship.  It  has  been 
stated  by  those  who  sailed  in  her,  that  in  a  sea  at  all  rough  she 
labour^  extremely,  in  comparison  with  other  sl^ips,  and  pitches 
with  the  utmost  violence.  The  sole  difference  bistween  the 
Java  and  the  \\  iiichester,  is  in  the  relative  fulness  of  their  fore 
and  after  bodies.  The  Java  is  consiiierahlv  finer  fonvard  and 
fuller  abait  than  the  Winchebter  :  in  otiier  words,  the  centre  of 
gravity  of  displacement  in  the  former,  is  faftber  af^  than  the 
same  point  in  the  latter.  And  the  consequence  is,  that  ftlthough 
the  ballast  may  be  placed  very  far  aft,  which  it  must  be  in  the 
Java,  to  bring  her  to  the  best  .^aihiig  tiiiu;  yet  the  momentum 
of  the  weights  at  the  bow  being  4s  great  as  in  a  ship  with  a  full 
^re  body,  and  there  being  so  inadequate  a  support  for  thpse 
weights  at  the  great  distance  at  which  they  are  situate  afor#  the 
eentre  of  gravity  of  the  ship,  they  must  act  with  immense 
mechanical  advantage  to  augment  the  fuice  of  the  pitching 
motion.  The  pitching  of  such  a  ship  as  the  Java  must  neces- 
sarily be  most  violept  and  prejadipial  to  her  sailing  ;  and  several 
of  our  ships  of  war  are,  unfortiinately,  such  ships. 

is  much  to  be  regretted  that  this  ship,  which  }n  th^  eouise 
of  the  repair  she  has  been  for  some  time  past  receiving,  might, 
at  a  very  trifling  expense,  have  been  made  almost  vi  fac-shdle 
of  the  Winchester,  and  possibly  even  a  better  ship  ; — for  th^ 
latter,  ^s  was  above  intimated,  has  rather  tpo  fine  a  fore  btMiy, — 
has  been  repaired  so  as  to  pr^serFe     h^r  pbi  W^il  IfPOWP  had 
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qualities,  and  wiA,  of  course,  be  always  just  as  laboufaome  and 

ftlow-sailing  a  ship  as  she  ever  has  been. 

A  comparison  might  be  made  between  some  other  ships  which 
would  lead,  it  is  believed^  to  the  same  conclusion  as  that  which 
has  been  derived  from  comparing  the  Winchester  and  the 
Barham ; — ^that  an  increase  of  the  breadth  of  our  ships  of  war 
would  make  them  l)etter  sailers.  Until  the  contrary  shall  have 
been  proved  l)y  actual  experiment,  it  must  continue  to  be  doubt- 
ful, whether  our  ships  of  war  in  general,  might  not  with  great 
advantage  to  their  sailing  qualities  be  made  so  broad  that  they 
would  have  a  sufficient  degree  of  stability  without  the  use  of 
more  than  a  very  small  portion  of  the  usual  quantity  of  ballast. 

A  brief  reference  may  here  be  made  to  our  men-of-war  brigs. 
The  18-gun  brrgs  have  generally  been  considered,  for  their  size, 
the  finest  class  of  our  ships  of  war ;  and  of  all  the  ships  of  our 
navy,  with  the  exception  of  the  Columbine,  these  vessels  have 
the  greatest  breadth  in  proportion  to  their  length.  The  10-gun 
brigs,  on  the  contrary,  have  been  characterized  as  one  of  the 
worst  classes  of  our  vessels  of  war ;  and  as  these  brigs  arc  very 
similar  in  form  to  those  of  18  guns,  and  are  much  narrower  in 
proportion  to  their  length,  their  acknowledged  inferiority  can 
be  ascribed  to  nothing  so  much  as  to  their  want  of  greater 
breadth.  The  10-gun  brigs  are  3,67  times  as  long  as  they  are 
broad,  whilst  those  of  IS-guns  are  in  length  only  3,27  times 
their  breadtl..  As  it  is  a  perfectly  well  established  principle  in 
naval  architecture,  that  a  small  ship  should  be  broader,  in  pro- 
portion to  her  length,  than  a  large  one;  if  the  brigs  of  IS  guns 
are  not  too  broad,  those  of  10  guns  are  much  too  narrow. 

It  is  only  by  experiment  the  best  proportion  between  the 
length,  breadth,  and  depth  of  a  ship  can  be  ascertained.  It  is, 
therefore,  highly  desirable  that  a  few  ships,  of  different  classes, 
of  great  breadth,  should  be  built ;  and  their  good  or  bad  quali- 
ties as  ships  of  war  submitted  to  the  ■  most  rigid  and  scientifie 
scrutiny.  A  brig  or  a  corvette  might  be  in  length  just  three 
times  h'jr  hicndth  ;  the  length  of  a  frigate  might  be  limes 
her  breadth  ^  and  a  ship  of  the  line  times.  Ships  built  with 
these  proportions  of  length  and  breadth,  with  the  centre  of 
gravity  of  ditplaeemeut  sufficiently  far  forward,  could  not  but 
be  good  ships ;  and  If  they  were  to  be  made  of  that  form, 
ich,  in  Art.  32  of  the  iasi  Number  of  this  work,  was  shown 
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to  be  the  best  adapted  both  for  velocily  and  stabiUty,  it  is  in  the 
highest  degree  probable  they  would  be  very  decidedly  superior 
to  aoy  ships  which  have  yet  been  built. 


Art.  IV. — Notice  of  a  Pamphlet  "  On  the  Advantages  of 

obsenntif/  a  S/iijj's  Inclination  at  Sea,  ^c,  by  Henry  Chat- 
field,  of  Ms  Majesty  s  Dock -yard  a  t  F^/mouth,  Member  of 
the  School  qf  Nami  ArcMteetwre" 

TfiiB  little  pamphlet  contains  many  valuable  observations  on 
the  present  state  of  naval  architecture,  and  its  future  improve* 

luciit.  No  subject  is  more  dependent  on  correc!;  accounts  of 
experience  than  this,  and  perhaps  in  none  are  the  registered 
accounts  of  experience  so  vaguely  expressed.  The  principal 
cause  of  the  little  improvement  in  the  design  of  ships,  is  the 
want  of  the  union  of  mathematical  and  experimental  know- 
ledge. It  is  too  much  the  practice  to  consider  theory  and  ex- 
perience as  opposed  to  each  otlier ;  and  while  the  importance 
of  the  latter  is  universally  admitted,  the  advantage  of  the  other 
is  too  frequently  neglected.  We  would  not  extol  the  benefitt 
of  theoretical  knowledge  by  lowering  the  utility  of  experimental 
knowledge  ;  much  less  would  we  prefer  the  isolated  observa- 
tions of  experience,  and  such  they  must  be  without  the  con- 
nexion science  alone  can  give  tbeui,  to  the  certain  rules  of 
theory,  founded  ou  the  known  laws  of  nature.  The  combina- 
tion of  theoretical  and  experimental  knowledge  is  necessary  for 
the  improvement  of  the  design  of  ships. 

If  this  be  allowed,  the  question  arises,  In  what  manner  can 
this  combination  of  knowledge  be  obtained?  Theoretical 
knowledge  requires  an  education  in  mathematical  science  and 
natural  philosophy,  to  be  obtained  only  by  an  undivided  atten- 
tion to  it  for  many  yeaRi.  Such  observations  on  the  qualities 
and  behaviour  of  ships,  as  are  necessar}'  to  constitute  an  ex- 
perience useiul  in  debii^ii,  can  be  obtained  only  by  a  long  service 
at  sea.  The  attainment  of  these  two  kinds  of  knowledge  ia 
the  same  person,  by  his  own  application  and  ob8efvitio%  ia 
insom  jatibi  )  each  requiras  a  loBg  expcriencrjt  aftd  each  nmst 
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IwobtoinedbyitdiffemtiKqcMi*  The  neeesMwy  acqmuiitaiice 
with  mathematical  knowledge  and  natural  philosophy  may  be 

obtained  by  any  man  of  ability  and  application  devoted  to  the 
pursuit;  but  the  necessary  knowledge  to  be  derived  fiom 
observatioDy  requires  an  experience  at  sea  in  many  classes  of 
ehipa  under  Yarioua  ctrcumttanees :  this  experience  must  be  the 
result  of  the  observations  of  many*  The  legitimate  use  of  this 
knowledge  obtained  by  observation,  is  its  being  subjected  to 
examination  and  comparison,  accoidini;  tn  tlie  known  laws  of 
mathematical  science.  The  only  practical  means  of  rendering 
this  combination  of  knowledge  applicable  to  the  improvement 
of  naval  architecture,  appears  to  be  by  collecting  together  the 
reports  of  naval  officiers  on  the  qualities  and  behaviour  of  ships 
under  all  circumstances  at  sea,  lor  the  use  of  the  naval  archi- 
tecL  In  tliis  manner  experimental  and  theoreticai  knowledge 
may  be  combined  with  complete  advantage. 

To  render  the  reports  of  naval  o£Boers  on  the  qualities  and 
behaviour  of  their  ships  as  useful  as  they  are  capable  of  being 
made,  it  is  necessarv  that  the  information  thev  eontnin  sliould 
be  clear  and  de£aite«  Mr.  Cbatfield,  in  his  pamphlet,  par- 
ticularly insists  on  the  necessity  of  this  correct  method  of 
atating  the  results  of  naval  observations.  He  observeSi  *^  Ques* 
tious  which  are  to  be  made  applicable  to  science  should  convey 
our  ideas  in  definite  terms,  and  in  order  to  effect  this,  we  must 
adopt  legitimate  language.  Speaking  of  rotatory  movements^ 
for  instance,  the  appropriate  term  is  degrees;  distances  should 
be  expressed  by  linear  measurement  i  and  inteivab  by  divisions 
of  time,  &c.** 

Mr.  Chatheld  shows  the  great  inipoitmice  of  having  the 
inclination  of  a  ship,  under  different  circumstances  at  sea,  cor- 
rectly observed  and  registered,  by  means  of  a  nauropometer, 
an  instrument  made  for  this  purpose.  The  proper  degree  of 
stability  of  ships  to  be  designed,  and  their  correct  masting,  as 
well  as  the  alteration  of  the  stability  of  ships  already  built,  by 
means  of  stowage,  and  of  their  masting,  depend  on  such  obser* 
vations*  He  remarks,  with  justice,  the  little  advantage  which 
can  be  derived  from  such  terms  as,  crank— stiff— wdl-^ 
pretty  well,'"  &c.,  in  answer  to  the  question,  **  How  does  a 
ship  stand  under  her  canvas  ?"  and  uf  "  low — rather  low — 
ver^  low/'  &c.^  to  the  question    How  does  she  carry  her 
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ke-poita  ?"  atMl  of  "  deeply — quickly— easily/*  iec^  to  tbe 
qfieMkm  How  docs  she  roll  V*  Th«  terMrf  Ar«  tagu^j  and 
almost  melfti  for  the  purpose  for  which  they  are  intended  |  in- 
stead of  the  answers  being  expressed  by  measurement — by  the 
number  of  (lei»ree-^  ihiougU  which  the  bhip  iticlines,  thev  merely 
give  a  general  uotiun  of  the  ship's  behaviour,  dependent  en- 
tirely on  the  opinion  of  the  officers^  and-  the  arbiti'ary  meaning 
they  nifty  attach  to  the  terms  they  apply. 

Mr.  Ghatfield's  pamphlet  contains  some  raltiable  remarks  oti 
the  necessity  of  knovvinq^  the  inelination  (jf  a  sliip  under  different 
eiroamstancesj  in  order  to  point  the  guns  correctly.  He  ob- 
sehrea^  To  explain  the  application  of  these  remarks^  let  the 
inclination  ander  different  eondttions  of  weather  he  careAiIlT 
-registered,  noting  the  qoantlty  of  sail  set  In  all  eases  |  and  let 
exjjeriments  he  iii;ule  on  the  effects  produced  bv  sliortening  sail 
iu  di6cretionary  proportions;  such  proportions,  tor  instancOj 
as  would  be  likely  to  take  place  according  to  the  drcnmstances 
undt^r  which  It  might  be  deemed  expedient  to  engage  an  enemy. 
The  inclination  of  a  ship  tinder  a  given  quantity  of  sail,  will  of 
course  vary  according  to  the  strength  of  the  wiiiti ;  consequently, 
thti  number  of  degrees  that  a  vessel  will  right  herself  by  taking 
in  certain  sails,  will  vary  in  a  similar  proportion,  which  must  be 
tabttlated  vrith  great  care«  The  rate  of  sailing  will  also  Tary^ 
which  should  likewise  be  noted,  and  the  whole  insemd  in  a 
table  of  the  following  description 


SMp'tlMUtetioa. 

Sftilt  f»tt 

Rate  of  sailing. 

Remarks  on  tba  ivcather. 

Cuurses,  topsails, 
t(>p> gallant  suiU, 
jib,  f.  topni«8t  stay- 
sails, iiMmkil^ 

-~  knati. 

— • 

Conrici  hauled 
up. 

—  kaots. 

Top-galknt  sails 
struclu 

—  knots. 

The  above  eayerimenial  takU  is  ike  rtiMlt  nf  ^itrvaHmu  made  on  btard 

 ^  ietmeen  date*        and  — — ,  o»  a  voyage  (0  mtid/rvm—^ 

The  veael  woe  ettred  and  frPvitimed  /or  <—  tnmUht, 

Ognam. 
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U  triaU  of  tUk  .kind  were  carefiilly  condueted,  it  is  evi- 
denky  that  whenmr  a  ahip  waa  under  aail^  and  an  engagement 
eotiteMplated,  nothiag  cotild  be  more  umple  tliaii  to  observe 

the  ship's  indination ;  and  then,  by  referring  to  the  recorded 
properties,  ascertain  the  effects  that  would  be  jnrxiuccd  by 
trimmiug  the  sails  in  atiy  desired  manner.  This  may  be  done 
at  aay  period  before  the  time  of  action^  so  that  there  need  be 
no  hurrj  or  confusion  on  the  part  of  the  individual  on  whom  it 
devolved,  to  direct  the  udjustifieBt  of  the  guns^  nor  on  the  part 
of  the  men  at  their  staLions.  A  very  snmll  tablo  of  results, 
made  out  on  a  few  (about  three)  occasions,  wiien  ihe  strength 
of  the  wind  produced  a  sensibly  different  effect  on  the  ship's 
inclination,  might  be  placed  near  the  nauropometer,  from  which 
is  would  be  immediately  seen  to  what  angle  the  ship  would  be 
depressed  in  the  cases  of  hauling  up  the  courses,  striking  top- 
gallant sails,  &c. 

•  Having  ascertained  tliis  point,  it  only  remains  to  elevate 
or  depress  the  entire  of  the  gnns,  through  exactly  (he  same 
angle,  and  fix  upon  the  distance  at  which  it  is  intended  to 
commene^  ^I'ing ;  the  sight  may  then  be  adjusted  accordingly,  . 

and  aim  trtken  by  its  use  ;  or,  as  many  degrees  may  be  added 
to  or  deducted  from  the  ship's  inclination,  as  are  due  to  ilie 
duimnee  of  the  object  fired  at,  unless  the  distance  is  to  be  left 
lo  circumstances." 

Mr.  Chatfield  proposes  a  new  *^  coin  on  geometrical  prin- 
ciples, to  elevate  or  depress  the  guns  with  perfect  accuracy, 
through  every  degree  within  tlie  prescribed  vertical  range,*' 

The  pamphlet  concludes  with  observations  on  naval  con- 
atmction,  in  which  is  shown  the  advantage  which  might  be 
expected  to  arise  from  an  office  of  construction/'  We  have 
lonj?  intended  to  offer  some  icmarks  on  this  subject,  which  we 
shall  now  briefly  allude  to,  and  resume  at  a  future  opportunity. 
The  education  necessary  for  the  qualification  of  a  naval  archi- 
tect is  different  from  that  which  is  necessary  for  a  practical 
builder.  The  education  of  a  practical  builder  requires  a  con- 
siderable acquaintance  with  mechanical  and  chemical  science  ; 
of  the  former,  to  proportion  correctly  the  streugth  of  materials 
to  the  strain  to  which  they  will  be  subjected,  and  to  apply  the 
fastenings  in  the  best  manner  to  sustain  the  action  of  the  forces 
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Ad»mio§e8  of  obsmik^  . 


to  which  they  arc  opposed,  so  that  a  sufficient  strength  may  be 
afforued  to  the  fabric  with  the  least  expenditure  of  materials  ; 
and  of  the  Utter,  to  avoid  bringing  into  chemical  action  8ub« 
•taneea  which  contact  might  render  destructive  to  their  dura- 
Inlitv.   We  would  not  ooiifine  within  too  narrow  limits  the 

m 

education  of  the  practical  builder—the  strains  to  which  tsiiips 
are  exposed  are,  in  some  cases,  difficult  to  estimate ;  but  ex- 
perience, derived  firom  the  examination  of  ships  come  home^ 
after  having  been  long  at  sea,  and  exposed  to  severe  gales,  will 
greatly  assist  the  practical  builder,  in  determining  what  parts 
require  additional  strength,  which  his  mechanical  knowledge 
may  bupply.  The  naval  architect  requires  a  much  more  ex- 
tensive acquaintance  with  mathematical  science  and  natural 
philosophy  $-^he  needs  a  life  devoted  to  the  design  of -ships, 
to  which  all  his  porsuits  should  be  directed.  The  experience 
of  building  and  repairing  ships  does  not  prepare  a  man  for  the 
design  of  ships :  the  pursuits  are  widely  different,  and  the  pre- 
vious education  and  habits  should  be  in  accordance  with  those 
objects. 

The  office  of  construction  would  concentrate  all  the  inform* 
ation  which  could  be  obtained  on  naval  dengn ;  it  would  col- 
lect the  reports  of  naval  officers  on  the  qualities  ami  Ijcliaviuur 
of  their  ships,  as  well  as  the  results  of  all  expermients  made  in 
this  and  other  countries  connected  with  naval  design.  A  per* 
feet  acquaintance  with  the  different  systems  of  design  used  in 
other  countries  should  be  possessed  by  the  members  of  this 
office,  in  addition  to  a  competent  knowletige  of  niathcnialical 
science  and  natural  philosophy.  A  most  important  duty  which 
would  devolve  on  this  office,  would  be  the  formation  of  a  com- 
plete digest^  of  the  elements  of  the  ships  of  the  British  navy, 
and  of  all  other  ships  of  which  the  drawings  and  the  reports  of 
their  qualities  could  be  obtained. 

ff  at  one  period  more  than  another  such  an  office  of  con- 
struction nught  be  expected  to  be  advantageous  to  the  interests 
of  naval  architecture  in  this  country,  it  is  at  the  present,  in 
which  a  new  system  of  naval  construction  opens  on  uSy— -the  use 


1  See  Mr.  Major's  proposal  for  mukincr  h  (h'l-^est  of  the  slupt  of  the  Rojral 
naryi  ia  the  "  Amiab  of  JPiuloeopU/j"  £^oyeittt>«ri  iSl^d. 
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of  steftm-WMb  in  imval  w»Hare.  There  is  comfiMtmly  \m/t 
little  known  on  this  subject;  and  it  is  to  be  expected  that  tlie 
next  war  w  ill  rc(iiiire  a  great  change  in  the  system  of  naval 
con'^truction,  to  meet  the  exigencies  of  new  circvmstancee* 
Mr.  Chatfield  oluerm  on  this  subject,  ^  There  is  not  sufficient 
analogy  between  n  sailing  man-of-war  and  a  steam-vessel)  in- 
tended for  the  same  service 3  to  class  thein  as  bodies  whose 
elements  are  determinable  by  the  same  laws  and  principles ; 
experience  in  the  one  can  hardly  be  called  experience  in  the 
Other;  and  they  are  so  dissimilar,  that  a  naval  architect,  in 
other  respects  tolerably  conversant  with  oonstmctlon^  might 
fall  into  serious  errors  in  designing  a  steam-ship.  Great  at- 
tention must  now  be  given  to  this  subject,  which  opens  a  new 
and  wide  held  for  inquiry;  otherwise  it  will  almys  be  attended 
with  speculation,  to  go  beyond  what  has  been  done  before. 
Imitating  is  certainly  a  safe  mode  of  proceeding;  but  it  is  more 
credital)le,  and  in  every  sense  more  desirable,  to  be  able  to 
rely  entirely  on  our  own  resources ;  and  a  naval  nation,  na- 
turally aspiring  to  execUeuee,  should  never  slop,  short  of  that 
degree  of  perfection  winch  is  obviously  withm  reach/ We 
are  now  certainly  only  beginning  a  system ;  it  must,  therefore, 
be  our  object  to  establish  laws  and  fixed  principles  relatively  to 
this  branch  of  nautical  science,  to  guide  us  through  the  diffi- 
culties that  may  hereafter  attend  a  much  more  enlarged  plan  of 
building  than  we  have  yet  tried.'* 

A  just  tribute  is  paid  in  this  pamphlet  to  the  talents  and 
knowledge  of  Professor  Inman,  to  whom  this  science  is  more 
indebted  than  will  perhaps  be  generally  known  in  the  present 
age.  He  has  divested  it  of  all  the  speculation  and  mystery 
which  many  have  in  past  years  endeavoured  to  throw  round  it. 
He  ba^  plaeed  tt  on  the  same  footing  as  other  departments  of 
natural  philosophy  ;  and  shown  that  improvement  is  only  to  be 
obtained  by  subjecting  all  the  elements  ol  naval  design  to  the 
known  laws  of  mechanics,  and  by  examining  the  designs  of 
ships  by  the  reports  made  on  their  behaviour  at  sea.  By  com- 
paring the  calculated  elements  of  ships  in  this  manner,  the  al- 
terations necessary  to  improve  future  designs  are  discovered; 
errors  are  corrected,  and  deficiencies  supplied  |  and  in  accord* 

VOL.  IV.  W 
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•t  Seale$  wfih$  DkpUemmU  mid  Jretu 

tlvrir  isipmnatm  k  graduaOy  and  certmnly  einM  terwar4«il  1 

What  has  been  so  well  begun  by  the  Fmhtm^  under  th* 
liberal  patronage  and  directions  of  Government,  we  trust  will 
be  successfully  carried  forward  by  the  members  of  the  School  of 
Nmt&I  Arebiteotniiy  wIid  hm  bm  exprmly  ^dmt/cto^  by  him 
•ibr  Chta  €lbjM.  We  are  Mtundly  mawa  to  aea  the  nierita  ol 
th»  eilililiihMiit  bmglil  to  thia  teal;  and  we  are  eanguine  Hi 
our  hopes,  that  the  result  will  fully  answer  the  object  which  is 
intended  to  be  obt^inedy  tlie  imprpvemeot  of  the  design  of  %^ 
•liipa  of  the  royml  navy.  r  irM^i 

Art.  W.'-rN^e        Sc^ki  of  Urn  mfimmwt^rWld  ^ 

the  Arem  of  ike  external  Surface  of  the  sewrul  CIsMet 

of  Ships  composing  the  Britwh  Nmnj,  ^t.,  bt/  IFUliam 
Parmms,      hu  M^jtUy*  Dock-yard,  Portsmouth,  Nav^ 

JmMni,  fm^m^Hf  «  aMaU  of  m  SoM  ^  Mmf 

The  principal  object  of  this  work  is  "  to  point  out  the  fal- 
lacy of  the  present  method  of  ascertaining  the  register  tonnage 
of  4bipSi  4»|d  tp  suggest  anothf r  Itmnded  on  fxmrfct  ppocipia^']} 

Tliat  tb^  preaent  nile  doea  no|  give  the  tnie  tonwigeiy  or  thf 
quantity  of  lading  a  ship  can  carry,  has  been  long  kpown ;  pre^ 
bably  from  its  establishment;  the  opportunity  it  affords  of  de- 
frauding the  revenue,  by  constructing  ships  to  carry  more  than 
their  computed  tonnage,  h4a  been  iie|4^tedly  abowa  $  and  tb# 
eijpot  tJpfh  liaa  had  on  tbe  fntms.of  merohant  ahipa,  by  the  8ae% 
-fica  of  good  aidUnff  propertieB  to  the  eiypiahility  of  tiding  ei^cea^ 
aive  ladings,  baa  be^n  fonnd  m  nuinercms  instanisea  to  be  moa^ 
iiyurious. 

:  The  rvile  at  present  in  us^  for  computing  the  tonnage,  at 
eataUidiad  fa^      tSth  Qfo,  Ui.      74,  |a  |hift i  '  l)io  len«|| 
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shaii  be  taken  kx  a  straight  aiojog  the  rabbet  ol  tl^e  keel  ol 
(bQ  ahip»  from  the  bapk  of  tbn  mm  at^rn-poat  to  ^  perpeodi^ 
ciikur  Up«  hm  tb«  fpi»  pftl;  of  Ae  mwn-atem  under  tb^  bnw-. 
•prit.   The  breadth  shall  be  taken  iProm  the  outalde  ^  the  out*, 

aide  plank,  in  the  luoadcist  part  of  the  sliip,  either  above  op 
below  the  main  wales,  exclusive  of  all  manner  of  doubling 
plaokp  that  way  be  wrought  upon  ibe  aidea  of  the  ship*'  In 
ca^ea  where  U  may  be  neceasaryto  mettain  the  tpon ^  of 
veiaela  afloat,  by  26th  Geo.  HI.  eap.  60,  the  length  ia  t9  b«l 
taken  as  follows:  *  Drop  a  plumb-line  over  the  stern  of  the 
ahip,  and  measure  the  distance  between  such  line  and  the  after, 
part  of  the  stern-post,  at  the  load-water  mark ;  then  measure 
from  the  top  of  the  aaid  plumb»|ine  in  a  parallel  direction  with 
the  water,  to  a  perpendicuhu*  p<nnt  immediately  over  the  load- 
water  mark,  at  the  fore  part  of  the  main-stem,  subtracting  from 
such  admeasurement  the  aliove  distance  ;  the  remainder  will  be 
the  9bip'a  extreme  length,  from  which  is  to  be  deducted  three 
iiiches  fox  every  foot  of  the  load  draft  of  water  ioi  the  rako 
»baft/ 

**  Then  by  1 3th  Geo.  IH.  cap.  74,  and  26th  Gea  III.  cap,  60 : 
*  From  the  leiigth  taken  in  citljer  of  the  ways  above-mentioned, 
subtract  three-ftftha  of  the  breadth  taken  as  above,  the  remain- 
der ia  esteemed  the  just  length  of  the  keel  to  find  the  tooai^;e|^ 
then  multiply  thia  length  by  the  brndtk^  and  that  prodof^t  by. 
half  the  breadth,  and  dividing  by  94,  the  quotient  la  deefl|ed 
the  true  contents  of  the  lading/*' 

Mr.  Parsons  gives  several  instances  in  which  the  fallacy  of  thi^ 
rule  is  made  atrikingly  apparent  i  9nd  shows  that  even  by  cal-. 
<aikKing.  the.  tonnage  gf  the  avne  vemel  by  the  two  methoda 
given  above«  the  di0erenee  of  the  .reauka  Ja  very  eonaiderablt« 
He  observes,  that  by  "  the  draft  of  water  being  omitted  in  the 
rule,  the  practice  of  increasing  the  depth  has  become  general, 
by  which  means  the  veaseU  are  eapabie  of  carrying- a  greater 
burden  without  Jncreaung  the'  regiafcar  tonnage/*  He  aaya  ' 
^  aliOf  ^.The  omia^ion  of  the  dsai^  of  water  in  the  rule  ia  eon* 
ddered  as  its  only  defect,  such  however  is  not  the  case ;  tkft 
principal  defect  is,  that  the  form  of  the  vessel  is  not  taken  into 
consideratiou*    This  error  in  the  rule  is  carried  tfi^  auc^k  an  ex*. 

tent  m  tti«  pr«6ettt  time^  tbat  the  r^^ater  tQnsi|gi»  offmeinhfnt 
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tfsiels  is  generally  out j  tfrp-tfiMs  of  the  abeolute  Imrden. 
Now  lUs  exeett  depends  wholly  on  the  form,  and  therefore 
varies  In  ahnost  every  vessel,  even  of  the  same  principal  dimen- 
sions :  and  we  have  said,  the  present  rule  for  tonnage  is  totally 
independent  of  the  form  of  the  vessel,  this  excess  is  wholly 
exempt  lirom  any  dues  levied  hy  this  rale ;  or  if  it  he  observed 
that  the  dues  are  laid  on  the  apparent  tonnage,  with  reference 
to  this  excess,  tiie  objecdon  is  not  removed,  as  the  excess  is  not 

constant/' 

The  fallacy  of  this  rule  is  clearly  shown  by  the  author  of  this 
work ;  it  may  however  be  observed,  that  when  he  states,  that 
the  omission  of  the  draught  of  water  in  the  rule  if  ammdottd 
at  iU  cnhf  defect,'*  he  claims  the  exposure  of  its  fallacy  to  a 
greater  extent  than  can  be  allowed  to  him.  This,  with  some 
other  defects  in  the  rule,  particularly  the  method  of  obtuinini^ 
the  length  for  tonnac^e,  are  generally  understood ;  it  is  acted 
on  in  the  practice  of  building  merchant  ships  in  the  instances 
he  brings  forward.  Chapman  observes,  in  the  rule  for  tonnage 
proposed  by  him,  to  which  we  shall  refer,  "  It  is  impossible 
to  ascertain  a  ship's  actual  burden  from  the  principal  dimen- 
sions, that  is,  by  the  product  derived  from  Length,  breadth,  and 
depth ;  becanse  two  ships  may  be  of  an  equal  length,  breadth, 
and  depth,  but  greatly  diifering  with  regard  to  tonnage,  awmf 
io  the  greater  or  leit  iharpnetf  qf  the  hotUmy'*  S;c. 

Before  we  proceed  with  a  description  of  the  scales  of  ton- 
nage in  Mr.  Parsons 's  book,  we  shall  give  some  of  the  rules  for 
calculating  the  tonnage  of  ships  used  in  odier  nations,  wttli 
some  other  rules  proposed  for  tbb  purpose. 

The  following  is  the  French  rule  for  measuring  the  tonnage 
of  merchant  sbips :  "Add  the  length  of  the  deck  taken  be- 
tween the  rabbets  to  that  of  the  straight  line  of  the  keel,  and 
take  half  their  sum ;  multiply  this  quantity  by  the  greatest 
breadth  at  the  midship  beam,  and  the  product  1^  the  depth  of 
hold  and  the  height  between  the  lower  and  npper  deeira,  and 
divide  the  product  by  94.  If  the  vessel  has  only  one  deck, 
take  the  greatest  length  of  the  vessel,  multiply  it  by  the  greatest 
breadth  in  midships,  and  the  product  by  the  greatest  height, 
and  then  divide  by  94*" 

This  lala  is  simple,  but  very  erroneous.  It  is  trae  that  a 
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€«rUm  depth  of  the  fimel  It  tAken  «•  iIm  .third;  dU«eii»i«li».biit 
it  it  «llngetlMr  dittioet  ffom  the  depth  the  veitel  it  iimnmed 

by  Ihe^kding  :  the  depth  from  the  load  to  the  light  water-lhie. 

This  depth  may  vary  very  considerably  in  two  vesseU  whose 
ladiug  luay  be  e({ual :  the  one  may  be  much  deeper  thaii  the 
other  by  having;,  a  greater  rise  of  floor*  the  total  ditplaceuiei^tt 
of  the  two  vettels  being  the  tame;  the  depth,  may  abo  vary 
Ifom  the  deekt  being  placed  at  di£bretit  heights  in  the  two  vet* 
sels.  The  different  forms  of  body  are  also  totally  neglected  iu 
tliis  niithod  of  measurement. 

The  following  is  the  method  of  measuring  the  tonnage  of 
■erchaot  thipt  la  the  United  Statet  of  America;  64th  teetion 
of  an  act  of  Congtes3>  approved  2nd  Mareh»  1799 1—**  That 
to  ascertain  the  tonnage  of  any  ship  or  vessel,  the  surveyor,  or 
buch  other  person  as  may  be  appointed  hv  the  collector  of  the 
district  to  measure  the  same,  shall,  if  the  said  ship  or  vessel  be. 
doufakrdeehedj  take  the  length  thereof  from  the  fore-part  of 
the  mattt^ttemy  to  the  after-part  of  the  tternpott»  above  the 
upper  deck,  the  breadth  thereof  at  the  broadett  part  above  the 
nuiiii  wales,  half  of  which  breadth  sliall  be  accounted  the 
deptli  of  such  vessel ;  and  shall  then  deduct  from  the  length 
three-6ftlit  .of  the  breadth,  multiply  the  remainder  by  the 
bieadth,  and  the  product  by.  the. depth,  and  ahall  divide 
tfab  last  product  by  ninety- five,  the  quotient  whereof  thall  be 
deemed  the  true  contents  or  tonnage  of  such  ship  or  vessel. 
And  if  such  ship  or  vessel  be  single-decked,  tiic  ^aici  surveyor, 
or  other  person^  thall.  take  the  length  and  breadth  as  above 
direeted,  in  respect  to  a  double-decked  ship  or  vettel ;  thaji 
deduct  from  the  said  length  three-fiftht  of  the  >readth,  and, 
taking  the  depth  from  the  under  side  of  the  deck- plank  to  the 
ceiling  in  the  hold,  shall  iimltiply  and  divide  as  aforesaid  j  and  the 
quotient  shall  be  deemed  the  tonnage  of  such  ship  or  vessel." 

These  rules  appear,  to  have  been  deriyed  from  the  £iiglith 
and  French  rulfs  :  the  firtt,  for  double-decked  vettelt,  being 
nearly  the  same  as  the  English,  and  the  latter,  for  ttngle-deeked 
vessels,  being  nearly  the  same  as  the  French.  1  hey  respec- 
tively possess  the  inaccuracies  of  each,  with  the  additional  .error, 
of  beiiig  mcontittent  with  each  other* 
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74  Asfat  ^jybt  Dkp^tBMti^iKtkl  Afttif 


The  Swedish  govmiiiCfiity  In  the  year  177Sf  onUrMi  tlw 
fidtovrlng  nilc  ftir  mmiiiUii:  a  vmtrs  bttrd«i  tolM  mad  f 
•   *^  1.  All  roetimracioti  is  to  W  done  liy  the  SMedith  ftiol, 

and  the  vessel's  burden  to  be  marked  down  in  lasts,  each  to 
be  considered  in  weit^ht  equal  to  eighteen  skeppundiron  weight, 
or  eighteen  times  3201bs.  Swedish*  2.  The  vessel's  lengtb  to 
be  meatiired  on  the  highest  unler-ltne,  when  loaded,  horn  the 
^ftt^pat  of  the  mbbet  of  the  stem  to  the  aftopettof  the  fnhbet 
of  the  sternpost.  3.  The  ship's  breadth  is  to  be  measured  in 
niidshijis  wlthout-ljoard,  close  uf)  to  the  main  wale.  4,  The 
height  to  be  measured  from  the  surface  of  the  water  without- 
board,  up  to  that  mark  which  detennineshow  deeply  thevessst 
'  will  swim  when  eomplelely  loaded*  5.  Mnldply  these  three 
adnieasiirevnenis  by  each  other,  and  divide  the  prodnet  by  11^ 
should  the  vessel  be  of  the  usual  shape,  and  neither  too  full 
•nor  too  sharp  at  the  stem  and  stern  :  if  the  vessel  is  sharper, 
the  dif  isor  most  then  be  greater :  and  if  foUer  a  Ulthi  less,  as 
pointed  ont  to  the  measurer  in  the  sepanto  Instructions*  6.  If 
the  necessary  provision,  water,  wood,  and  utensils,  for  the 
age  should  not  be  on  board  when  the  ship  is  measured,  and 
which  weight  does  not  actually  belong  to  the  burden  that  the 
vessel  is  measured  to  carry,  then  it  is  necessary  to  deduct  firom 
the  calculated  burden  of  lasts  as  follows : — on  a  tnssel  of  ftSO 
lasts  Is  allowed  1 1  lasts  deduction ;  (corresponding  deductions 
are  given  for  vessels  decreasing  in  burden  from  350  lo  40 
lasts  ;)  and  so  on  in  proportion,  in  such  vessels  as  are  not  co- 
incident with  the  above  denomination.  But  should  any  of  the 
articles  mentioned  be  on  board,  the  deduction  will  be  less  in 
poportlott»  7»  Should  one  or  more  of  the  necessary  caUes 
not  be  on  board  when  the  vessel  is  measnred,  then  the  follow- 
rrtg  deduclions  are  to  be  made  :  for  an  IS-iucli  cable  25  skep- 
pund,  iron  weight.  (The  deductions  for  smaller  cables,  down 
to  a  four-Inch  eable^  are  specified )  8.  Should  one  or  more 
anchors  bo  wanting,  their  weight  ie  to  he  deducted  In  propor- 
tion to  the  fessers  irtne.  9.  If  the  vcssd's  sails  are  not  on 
board,  the  deduction  from  its  nunil)er  of  lasts  is  to  be  as  fol- 
lows :  on  a  vessel  of  350  last.s,  14  skeppund,  iron  weight. 
(Correspondiog  deductions  for  the  sails  of  smaller  vessels,  down 
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to  Uiose  fd  4lO  kal«^  aie  given.)  Aud  lets  in  proporuoo  wliea  . 
fiMper  iaili  m  wabtiiig*  1^  if  the  vcstel  it  Mil  lo  cilnry  ptfii 
^omtantly^  and  Ihtt  nou^  or  pan  of  them  only,  aro  oli  bo«rd| 
then  a  deduction  for  cannon,  carriages,  gun-tackling,  &SC4  h  aa 
follows:  for  a  12-pounder,  v\ iih  its  requisites,  13  skeppund^ 
iron  weight  (with  corresponding  deductions  for  smaller  guns) 4 
Hi  Should  ihe  vestd^  wh^n  meamred,  have  ito  ballaat  on 
board,  tbOii  (hat  weight  nunt  bt  aawrlaiMd,  and  added  to  Iho 
nunber  of  laeta  found ;  but  it  is  best  to  meaaufe  the  vessel  be-f 
fore  it  is  ballasted,  if  convenient.  12.  The  sliip's  incasuret* 
having  duly  cmisidered  the  foregoing  circomstauces,  and  in 
^ontequeiioe  thmof  ascertainad  the  Veasert  piopef  tonnage  I0 
a  certain  depth,  fore  and  aft,  when  loaded,  he  it  than  In  raidur 
an  eritry  of  the  foregoing  in  the  book  of  admeasurements  given 
him  for  that  purjjose,  wliicli  book  is  run  through  and  scLiled 
with  tlie  seak  of  the  Court  of  Aldenoen  and  Custom-house : 
he  i»  alio  to  enter  the  nnmber  of  lacta  reqniaile  to  immene  tbn 
vettel,  progrOBiively^  from  one  foot  at  the  beg^mniig  of  thb 
loading  till  when  completed,  and  also  to  set  down  how  deep 
she  lies  fore-and-aft  when  unloaded.  He  is  to  deliver  copies 
of  the  same,  with  specific  calculations,  adiueasorements,  and 
deduetiont  of  all  thisi  to  the  Court  of  Aldcnnen  and  Board  of 
Custome,  within  two  daya  after  meantred,  that  the  aame  mmf 
he  examined  and  sanctioned.  13.  Should  there  he  anything 
to  be  observed  by  the  parties,  the  same  must  be  made  known 
^t  the  respective  places,  within  e^ht  days  after  the  delivery^  at 
the  expiiatioo  of  whieb  time  the  ship's  register  will  be  nMA 
out,  and  the  approved  ealouYataon  of  the  measurer  annexed  to 
the  same,  and  to  be  kept  on  board  as  the  ship*8  inventory* 
The  same  is  to  be  entered,  with  all  the  ealeulauons,  in  bound 
paged  books,  and  alphabets  thereunto  annexed,  tn  die  Court  el 
Aldermen  and  at  the  Costom-houae*  U«  Wheftaa  vifaelsy 
when  old,  and  soalied  thioogb  by  the  water,  cannot  earry  *ef 
much  as  when  new,  it  is  therefore  re(iuisite  to  measure  the 
vessel  every  tenth  year^  in  like  manner  as  expressed  in  the 
twelfth  section." 

In  the  mstniGtions  alivded  to  In  the  fifth  seetiony  fimtlt  mw 
anpposed  to  be  divided  into  seven  e1asseS|  aecordmg  to  their 
fulue&b  or  bharpucbb  ^  and  cunebpuuding  divisors  are  given> 
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which  were  obtained  by  calculations  made  on  different  vessels^ 
The«e  divisors  vary  for  the  vvliole  depth  immersed  by  tiie 
kwliii&  froa  104  for  .|hc  fuUeat,  to  122  for  tb«  sharpM  vessel ) 
aBd-tfae  difiioit  to  be  aied  neer  tbe  loed-^wncr  line 
98  to  104,  and  neer  ihe  light^water  Hue,  or  diseharging  line^ 
from  108  to 

This  rule  is  very  good — strictly  correct  in  principle;  the 
only  enor  wludi  can  ense  in  practieoi  in  ascertaining  the 
ledlng  on  board  any  TeMel,  is  in  tbe  dttisor  being  left  to  the 
delemlnation  of  the  measurer,  dependent  on  his  judgment  and 
honesty.  There  can  be  no  doubt,  however,  of  a  skilful  mea- 
surer, by  great  practice^  being  able  to  determine  the  divisor 
with  ease  and  certainty. 

Mr.  FMkia,  lale  master  sWfiwright  of  his  Migcsty's  dock* 
yard  at  Chatham,  has  given  two  rules  for  ealealating  the  ton- 
nage of  ships,  pubKshedtn  ^llie  Shipwright's  Vade  Mecum 
the  one  for  ships  of  tlie  Koyal  \v\\\\  and  the  other  for  nierchaut- 
sbips.  The  toiiowiug  is  the  rule  he  has  proposed  for  merchant- 
ship  l.Take  the  length  of  the  kwer  deck,  firom  the  rabbet 
of  the  stem  to  the  rabbet  of  the  sternpost  \  then  take  W  of  this 
kngth,  and  eall  it  the  heel  for  iatmage.  2.  To  the  extreme 
brettddi  add  tlie  leat^th  of  the  lower  deck  ;  then  take  of  this 
suw,  and  call  it  the  depih  for  ioimage,  3.  Set  up  this  depth 
from  the  limber  strake  ;  and  at  that  height,  take  a  breadth  also 
from  out  to  ottlside  of  the  plank  at  dead  flat  Take  another  at 
two-thirds  of  this  height,  and  another  at  one*thnrd  of  the  height 
Add  the  extreme  breadth  and  these  three  breadths  together, 
and  take  one- fourth  of  the  sum  for  the  breadth  for  iomuiffe» 
4.  Multiply  the  length  for  tonnage  by  the  depth  for  tonnage, 
and  the  prodnet  by  the  breadth  for  tonnage,  and  divide  by 
96,6666  or  36|,  and  the  quotient  will  be  the  burden  in  ton<^/' 

This  rule  seems  to  have  been  formed  with  coiisi(lera])]e 
labour,  and  it  presents  the  appearance  of  a  little  approach 
towards  tlie  true  measurement  of  the  tonnage*  It  is  not,  how- 
ever, founded  on  correct  principles:  the  elements  which  enter 
into  the  measurement  of  the  true  tonnage  or  lading  being 
given  in  certain  proportions  of  other  elements,  which  do  not 
bear  a  constant  ratio  to  theiii.  For  instance  ;  for  the  depth 
between  the  light  and  load  draughts  of  water,  .a  certain  pro« 


Digitized  by  Google 


7». 


portiou  of  the  length  and  breadth  is  «ibrttlttttd>  The  exmnfilei. 
gtviM  Uy  Mr.  FatJud,  show  thai  (he  rairit»  of  bn  rule  oom: 
generally  Bmch  neawr  to  dia  tnie  lading  than  tha  pceMt  tale  f 

but  it  can  at  best  be  considered  only  as  the  substitutioa  of  a  less 
error  for  a  greater. 

In  the  year  1791,  the  Society  in  London  for  the  lofiprove- 
meat  of  Naval  Aichiteeture,  of  which  his  preteot  Mi^taly 
(then  hU  Royal  Highnets.tha  Duke  of  Clarence)  was  IVetideDty 
offered  eight  premiums  for  different  objects  connected  with 
improvements  in  naval  science,  one  of  which  was  the  follow- 
ing : — ^I'he  Society  offer  a  premiimi  of  tweu^  guineas  and  tiie 
silver  medal  finr  the  most  ready  and  aoearate  roethod^  by  ap<* 
proximation  or  otherwise,  for  determining  the  tonnage  of 
vessels  and  ships  of  every  desci  iption,  from  an  admeasurement 
of  all  the  principal  dimensions. 

The  indefatigable  and  justly  celebrated  QMyaaan,  who  was 
an  lionorary  mealier  of  the  Society,  sent  a  pqier '  on  tbe* 
subject  which  was  pabUshed  in  the  ^  Aeeonat  of  the  Institu*- 

tion,        of  the  ISociety,"  piinted  in  London  in  1792. 

Chapman  gives  two  rules  in  this  paper  :  the  hrst  is  an  ap- 
proximate rule  for  tonnage,  which  he  considers  chiefly  in  con« 
nexion  with  the  payment  for  the  building  of  ships.  He  says, 
T)ie  cost  of  a  ship'b  nearly  in  proportion  to  its  outer  surface 
multiplied  by  the  thickness  oi  its  bides;  but  as  this  tliickiiess 
may  be  considered  in  proportion  to  cue  of  the  dimensions,  so 
it  may  be  judged  that  the  product  of  length,  breadth,  and 
depth,  gives  the  proportional  costs.  Nevertheless,  a  difficulty 
attends  this ;  namely,  the  length  and  breadth  can  precisely  be 
fixed,  but  the  litiglit  or  depth  not  altogether  so  easily.  For 
instance,  if  I  use  the  depth  of  the  hold  as  the  third  dimension, 
it  may  happen,  in  consequence  of  the  cargo  which  the  vessel  is 
to  carry,  that  the  lower  deck  has  been  laid  a  foot  higher  or  lower, 
although  its  length,  breadth,  and  the  wlide  of  the  height,  re- 
main the  same  without  aiiy  alteration;  the  expense  of  building 
equally  the  same,  as  also  the  burden  i  but  the  difference  of  the 
height  of  the  deck  increases  or  decreases  the  product,  and  con- 
aequently  the  price  in  proportion.   In  like  manner  it  acts  jvith 


!  The  Swcdiih  nk  givea  above  H  taken  from  tUi  |iaper. 
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regard  to  the  upper  deck.  Should  ihe  height  of  the  t^esaei  fiooi 
the  keeUon  to  tkm  gunwale  be  taktn  m  the  third  ^tmemumt  it 
irittbefcMMl  totrarf  muiAatthelbtmer*  Pot  ■■Mplij  Ilia 
gamiMila  anglit  be  madle  half  a  loot  or  a  foot  leM  ih  height,  ati4 

that  added  to  the  gunwale  after  the  bhip  is  hiiilt,  which  of 
course  would  make  it  cost  less  than  if  that  height  was  in- 
daded  hi  the  calculation.  Jf  that  pari  of  a  ship  which  is  ioH 
oMncd  wbm  toodod  eboald  be  tekaii  a»  the  tJhM  dimttitioii^ 
Am  wooM  it  dtpewl  <m  how  high  Cbe  water^lhio  ecaodi 
marked  on  the  draught  up  to  which  the  ship  ought  to  be 
loaded,  whicii  iiiii^lit  also  be  lii teller  or  lower.  It  is  there- 
fore better  to  institute  a  rule  which^  although  not  totally  exacts 
ii  stiU  cktemiiiiedf  aud  not  atibjcot  to  diftputaa  or  confunom 
.  lahall  tbmfore  pr^pos^  that  the  Mffn  height  or  depth 
should  be  taliefi  in  a  proportion  to'  the  two  prefne  oi*  deter- 
mined dimensions,  namely^  as  tlie  square  root  of  the  product 
of  tlie  length  and  breadth.  If  now  the  length  aud  breadth  he 
cxprened  by  L  and  £,  then  mmt  tile  d^h.4ie  in  a  certain 

proportion  to  LJS^  withont  regarding  how  great  that  quaii* 

tity  may  be.  This  ought  to  he  multiplied  by  the  length  and 
breadth^  that   is^    the    number   of   tons    shall    be  as 

X  BL^  TTB'i.    This  expression  is  a  solidity  or 

content  which  characterises  the  siee  of  the  ship,  in  which  two 
of  the  principal  tliiucnsions  are  equally  involved.  To  make 
practical  use  of  this  expression  for  the  purpose  of  deteriniuing 
a  ship's  burden  in  tons,  and  at  the  same  time  that  it  sometimes 
agreet  with  the  old  method^  it  will  be  necessary  to  filid  what 
proportioii  the  breadth  bears  to  the  length,  agreeably  to  the 
did  method  of  determining  the  tonnage  when  the  contract  has 
been  ecjually  beneficial.  Suppose  the  breadth  to  have  been 
of  the  length,  or  the  length  to  be  100  feet  wheli  the 
breadth  is  26|  feet.   According  to  the  old  method 

100  —  —  X  26  ^  Y.  ^5^' 

*^     40  ^    2     =  301,78  tons:  therefore 

94 

AOO  X  26^S     301,78  j  ^ere  sp  ss  451   In  consequence 
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y  452  • 

This  divisori  452^  is.  subject  to  the  alteration  aceordiog  to 
circonifttftlim. 

The  other  rdte' given  1)y  Chapman,  is  for  the  correct  deter^ 
ailnatloR  of  the  weight  of  the  lading  which  a  ship  carries.  This 

rule  is  similar  to  that  given  hy  the  Swediiah  governnieiit,  except 
that  Chapman  adapts  his  divisors  to  the  English  ton,  instead 
of  the  Swedish  skippund.  He  gived  a  ttfble  for  10  classes  of 
Tessela  according  to  the  fulness  or  sharpness  of' their  bodiesi  in 
which  the  divisors  vary  fiom  39  in  tiho  follesl}  up  48  in  the 
sharpest  vessel.  He  takts  the  extreme  leiieth  on  the  load- 
water  line,  L  ;  the  extreme  breadth  just  below  the  main-wale, 
B ;  and  the  mean  depth  between  the  light  and  load-water 
Umi  th^  pnoilliH  of  Iheee  thrlBe  dim^dsidnsi  4ikyvitdhyD,  fhe 
TarlnUcf  divisor  in  hit  table,  gives  the  lading  In  teilt^ 

This  rule  is  also  strictly  correct  in  principle;  but  has  the 
same  error  in  practice  as  that  of  the  Swedish  government  given 
above  I  tha  determinatiott  of  the  divisor  at  th»  discretkin  of  ihe 
measBret^ 

A  r«l«  fof  the  meaaartnient  of  tonnage  ia  given  at  |Nige  16dy 
vol.  u,  of  this  work,  in  which  a  near  approximation  to  the  true 
weight  of  ladhig  is  obtained,  by  nuiltiplyini;  together  the  length 
of  the  load  wuter-liue  between  the  fore  part  of  tlie  rabbet  of 
tba  staa  and  the  after  part  of  the  rabbet  of  the  etertKiKisty  tfatf 
gitatel  bf  eadthi  and  the  depth  between  thi  lig^t  aiid 
load-water  lines ;  taking  three-foiirthe  of  the  pfodaet,  and  dit 
vidiiig  bv  o5.  To  this  sum  is  added  an  allowance  in  })r()poiti()n 
to  the  iulness  of  different  bodies^  determined  by  actual  mea^ 
surement. 

In  the  Shipwrighta'  Repoakoiy  An  anor  of  the  ilteatnt  raid 
of  tonnnge    clearly  exphiined,  and  the  true  tonnage  i*  show* 

to  be  the  difference  between  the  total  weight  of  the  sliip  to  the 
load- water  line,  and  the  weight  of  the  hull  aiid  furniture.  The 
author  appears  to  have  understood  this  subject,  although  ho 
eohnefits  with  il  some  erroneons  observation^  and  has  not  taken 
the  emneit.  meAod  of  dbtnuiiog  hit  ttmlfb*  Ho  given  mmtJt 
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fait  oiiailallotts  on  Uw  loiiiiife  of  m  cighly*gaii  Mp ;  — 

Tmu.  lb*. 

Weight  uf  tlip  ^hip  at  her  lauachto^  drau|:ht  of  water  .•  44Ni 
Weigbti»ftbeliiniilare«.i«.«.  1«*   m  720 

Weifhtof  the  tbijp  at  hec  U^bi-water  mark  .•..«•••,,  1788  1126 

Weight  of  the  ship  at  her  load-water  mark   3554  35fi 

From  which  deduct  the  mtifht  at  light*  water  mark ....  17^   1 126 

lUallMiidM    176S  1470 


Tons.  ib«. 

BmrdniiiiteM^MMiiufo  ••••  IM  9g$ 
R«lNfd«i.«  «  I78S  147a 

193  1699 

The  ml  hniden  of  this  ship  it  therefore  1110  tent  lew  duui 
her  cooipnted  tonnage.   In  an  East  Indiaman,  hit  malt  ehowe 

that  the  real  burden  was  178  tons  more  than  her  computed 
tonnap;e.    Jn  his  other  examples  the  differences  are  still  greater. 

We  shaii  now  proceed  to  describe  the  scales  of  tonnage  g^vea 
hy  Mr.  Parsons^  and  shall  then  conclude  by  some  obsei rations 
on  llie  present  slate  of  the  enbject*  Chapman,  ClairboiS|  At- 
fiood,  and  others,  hare  ealeolated  and  drawn  scales  of  tonnage 
for  particular  ships;  but  Mr.  Parsons  has  by  very  considerable 
labour^  and  with  g^eat  care  and  correctness,  made  the  calcu- 
lations and  drawn  the  scales  of  tonnage^  for  most  of  the  classes 
of  ships  of  his  Majesty's  navy,  and  for  tmn^'^me  classes  of  res- 
sels  of  the  British  meseaatile  navy. 

The  scales  of  tonna^^e  are  drawn  for  all  the  vessels  from  the 
keel  to  the  gunwale  :  each  vessel  is  divided  into  two  parts,  the 
fore  and  after  bodies,  by  a  vertical  line  at  the  middle  of  the 
kngth  of  the  load«water  Ime,  between  the  iove  side  of  the  rab« 
bet  of  the  stem  and  the  aft  side  of  the  rabbet  of  the  stemposl; 
and  a  separate  line  of  tonnage  is  drawn  for  each  body.  The 
solid  content  of  the  liody  in  cnbic  feet,  at  different  heights,  is 
calculated  by  sections  parallel  to  the  keel,  which  being  divided 
by  35,  the  number  of  cubic  feet  of  sea-water  in  a  ton,  gives  the 
weiglit  of  w^ter  which  would  be  displaced  at  those  heights.  By 
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Hue  of  tonnage  is  drawn.  By  setting  up  any  height  on  the  ver- 
tical scale  of  feet,  and  drawing  ii  horizontal  line  at  tliat  heie;ht, 
this  line  represents  the  weight  of  the  corresponding  diaplace- 
ment,  which  it  fbvnd  by  tramferring  illo  a  teak  of  Unm  placed 
liorfapontally  over  the  figure.  By  taking  the  hcsghts  of  the 
light  and  load->water  lines  of  any  vessel,  and  transferring  them 
in  this  manner  to  the  scales  of  tonnage,  their  difference  gives 
the  weight  of  the  displacement  between  the  light  and  load** 
water  lines,,  or  the  true  weight  of  lading,  llie  mean  deptha 
ate  taken  for  each  hddy  separately,  and  the  Man  of  the  two 
parts  thus  found  gives  the  total  tonnagie. 

By  these  lines  of  totinage  may  be  ascertained  the  weight  pat 
on  board,  or  taken  out  of  the  vessel  at  any  time,  by  observing 
the  difl^rent  draughts  of  water,  and  measuring  the  tonnage  or 
weights  conesponding  to  than  i  the  dillMrenoa  between  these 
weights  will  be  the  quantity  put  into  or  taken  out  of  the  vec« 
sel.  For  example,  in  the  cutter  of  160  tons,  when  ready  for 
sea  with  all  stores  in,  the'  draught  of  water  is  8  feet  9  inches 
forward,  and  13  feet  6  inches  aft,  the  mean  of  these  is  11  feet 
li^inehesi  and  12  feet  d|>  inches  is  the  mean  d^th  for  the 
aUter  body,  which  gms  9S  tons  for  the  wei|^t  of  the  after  body. 
The  mean  depth  for  die  fore  body  is  9  feet  IH  inches,  which 
gives  S3  tons  for  the  weight  of  that  body,  therefore  the  whole 
displacement  is  176  tons;  but  the  weight  of  the  hull  when 
launched  was  82  tons,  consequently  the  difiercMe  on  the  weight 
pvt  on  hoard  mutt  be  94  tons* 

^This  method  of  tidiing  the  mean  depth  in  each  body  is  the 
most  correct,  but  will  seldom  be  necessary ;  as  if  the  mean 
depth  of  the  extremities  is  used  alone  for  each  body,  it  will 
give  nearly  the  sense  result."  The  tonnage  is  then  measured* 
by  taklog'the  mean  depths  of  each  body  separately,  and  the 
dUSsretice  of  tiie  results  of  the  two  metliods  is  found  to  be  only 
one  ton.    In  vessels  with  a  1  e  ss  difference  of  draught  of  water, 


•  In  tlii.s  (quotation  the  references  to  ihe  scales  are  omitted*  In  Art.  14,  vol. 
iii,  of  Papt  rs  on  Navul  Architecture/*  an  example  is  given  from  Mr,  Par- 
aoiis'a  p  revious  pam^>iiUt  OQ  ihis  subject,  ia  wiucb  a  figure  and  the  rt'fi^rencm 
are  iuseried. 


Digitized  by  Google 


thm  error  is  proportionally  smaller.  On  tint  iCMmt  the  meaa 
diptift  of  tkm  kid  luni  light  diaagte  cf  va»er  am  aaed  m  iIm 
itnltt  if  toMNigt;  which  ^'k  ia  fhct  supposing  the  vMwl  to 
«wim  on  an  ev«n  keel,  al  the  mean  draught  of  water  in  each 
ease/* 

In  coaiidcnng  the  practkai  benefit  of  tlie  scales  of  tonnage, 
it  is  neoiitarf  to  tmmdm  tht  dtifiiniltiet  whioh  would  attend 
thttr  UM.  Tht  princtpk  of  thw  method  of  meoMiring  the  too^ 
Mige  of  ships  is  strictly  correct,  assuming  that  the  light  and 
load  draughts  of  water  are  determined  ;  but  in  the  determin- 
ation of  these  lines  appears  the  practical  difficulty.  Mr.  Parw 
mt  hit  atsanad  llie  lanoehliig  draught  of  water  aa  the  light 
draoght :  this  is  the  eaaest  matkad,  httt  not  the  asost  correet* 
We  afe'consMeiuig  the  applieetioii  of  these  scales  of  tonni^ 
to  merchant-bhips;  with  respect  to  their  application  to  the 
ships  of  the  Royal  navy,  little  need  be  said.  The  tonnage 
should  OBpress  the  lading  whieh  ran  he  pat  into  a  ehtp,  when 
•vety  necessary  arttele  of  fimittiMre  and  atom  is  on  hoard,  to 
Whig  it  down  to  its  load  draught  of  water.  The  two  Swedish 
methods  given  above,  one  of  which  is  in  use  in  Sweden,  re- 
moves this  difficulty,  by  taking  the  light  draught  of  wi^er^ 
•ndor  the  necessary  circmnslinrrs  of  having  every  thing  oil 
boBidy  eaeeptthe  ladii^l  an  established  aHawanoe  being  made 
isr  mwf  aitiele  not  chi  hoard  at  the  tone.  We  recoasmend 
Mr.  Parsons  to  adopt  the  same  plan  :  we  admit  that  it  will  be 
attended  with  considerable  trouble,  in  obtaiuing  the  weights  of 
the  different  furniture  and  stores  ;  but  it  is  the  only  method  of 
obtaining  the  correet  light  draught  of  water,  whieh  ia  the  fiiat 
aiscunMlance'to  be  knom  in  awasnring  a  ship's  teaaage*  Ttie 
next  difficulty,  and  by  far  the  greatest,  is  the  determination  of 
the  load  draught  of  water.  Two  methods  suggest  themselves, 
of  removing  this  difficulty.  The  load  draught  of  water  of  a 
abip  may  lie  datormiaed  by  otteera  i|ipointad  iof  this  pi»|iDte 
kjmiedkteiy  a  ship  ia  and  Insemd  in  the  tegiater,  by 
wMafa  draught  of  water  the  tonnage  may  be  meaaared*  The 

objections  to  this  method  are,  the  liability  of  the  load  draught 
of  water  being  incorrectly  determined  at  lirst,  either  fraudu- 
lently or  ignoraiuly,  needing  alterations  aflqrwards ;  and  the 
capability  it  affords  the  owner  of  taking  on  board,  a%  hts  own 
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ri4(|  «  grpfttef  ktfluig  itiMi  Ihll'  lor  wUrb     «Wp  wm  regis* 
of  atoevtuining  the  1<md  draught  of  waltr  yikJk  eemidaraUo' 

accuracy,  and  fines  may  deter  tliti  owner  from  iiicurriii^  the 
risk  of  loading  his  ship  deeper  than  it  was  coiiBtructed  to  swim 
with  safety,   ^iiqcher  metiio4  of  obvialing  this  difficulty,  is  hy: 
a  ship's  always  paving  dpty  on  tbe  <]aaii|tly  of  Ming  <m  board  }- 
to  that  tht  inei|surenient  of  lonnage  may  ba  |aken  to  Iba  acliuA 
draught  of  water  at  which  the  ship  swims  when  it  comes  into 
port.    This  would  render  the  load- water  line  at  first  deter- 
iniped  little  more  than  uomiual :  it  would  allfiw  a  vessel's 
spoken  of  as  of  a  nominal  tonnage,  which  would  produca  so: 
error  in  the  measurement  of  the  real  tonnage  on  board*  Bitber 
of  the  above  methods  may  render  these  scales  of  tonnage 
applicable  to  general  use;  we  prefer  the  latter,  because  it 
^rie^  the  correct  principle  of  measuring  the  Uri|e  iading  iu4y 
into  practice.  * 
Different  methods  of  approximation  have  been  proposed^  by 
talcing  the  girths  of  the  body,  &c. ;  but  as  all  these  are  defec- 
tive in  the  true  principle  on  ^vil^ch  the  tonnag^e  can  alone  be 
correctly  measured,  their  adoption  would  be  attended  with  very 
little  benefit.    If  the  true  principle  of  measuring  the  weight  of 
lading  be  not  adoptie4>  ire  maaider  that  the  ehaage  of  lbfe.|m»^ 
|en|  rule  for  aaotliar  would  be  umieoeisary :  it  would  be  at 
best  but  the  substitution  of  one  error  for  another.    Metliods  of 
determining  tlie  quantity  of  lading  have  been  giveu,  in  relation 
to  the  space  occupied  by  it,  without  reference  to  its  weight. 
The  difficulties  of  rendering  such  methods  genaratly  applicable 
0  the  measurements  of  sMpl'  ladings,  are  greater  than  thosfi 
connected  with  the  present  method  of  determiniug  the  weight) 
of  the  lading.  > 
It  is  probaUa  that  tables  of  toaaage  may.  be  pitismd  by 
paoy  to  scales  of  tomnge)  bat  as  thab  prineiple  and  usa 
apoald  be  the  same,  the  prafwaaee  is  indiffemt..  It  wuf  also 
be  observed,  that  if  the  whole  displaceriient  were  represented 
by  one  scale,  instead  of  beiug  divided  into  two  parts  for  the 
fore  and  after  bodies,  the  use  of  these  scales  would  be  more 
aiflopla  ia  tbeii  application  to  the  toanaga  of  ahips^  altboagb 
less  useful  for  gaaml  purpqm  9l(  de|i^  . 
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•  THfealNyvec^aemtioirtaffe  not  intended  to  ref^ 
0»tio«  of  ftite  metfiod  of  memmnf  the  lading  a  vmd  eames* 
to  the  payment  for  btntding.   A  separRte*  rule  for  this  purpose 

might  be  adopted,  founded  on  the  dimensions,  scantlings,  &c. 
of  the  ship.  Mr.  Parsons  observes,  that  his  scales  of  the  ex- 
terior surfaces  might  be  used  for  this  purpose :  this  surface, 
Mltiplicd  by  the  mean  thickness  of  the  ship's  side,  would 
give  a  tolerably  correct  measurement  of  the  quantity  of  mate* 
rials.  As  the  expense  of  building  vessels  must  be  in  pro- 
portion to  their  outside  surfaces,  these  lines  will  be  a  much 
better  criterion  for  estimating  the  expense  than  the  register 
tonnuge." 

In  this  faluttble  work  of  Mr.  Parsons,  the  principle  on  which 

the  correct  tonnage  of  ships  depends  is  clearly  explained,  and 
the  method  of  its  general  application  shown.  The  whole  of 
the  scales  and  elements  will  be  found  generally  serviceable  to 
the  naval  architect  in  the  design  of  ships. 


Art.  VL— itf  new  Method  of  cfmetru^hg  Bede  ond  Cekeefar 
Nmml  Guilt.   By  M r.  Hsnry  Chatfibuo,  of  His  Majesty's 

Dock-yard,  Plymouth;  formerly  of  the  School  of  Naval 
-  Architecture. 

A  BSD  and  coin  being  a  mechanical  contrivance  for  support- 
ing  the  breech  of  a  gun,  it  may  be  proper,  before  we  enter  into 
the  particulars  of  their  construction,  to  observe  that  the  vertical 
evolutions  of  naval  guns  are  confined  within  the  limits  of  six- 
ttea  degrees^  vis.  an  elevation  of  fme  degrees  and  a  depression 
of  eemHf  when  mounted  on  the  caromon  caiviage.  Thb  bemg 
the  pmcribed  range  recently  astabliahed  as  a  guide  fordeter- 
miiib^^  the  sne  of  ships'  ports,  we  may  regard  it  as -a  correct 

criterion  in  constructing  beds  and  coins  :  but  it  Jshould  be  uu- 
derstoodj  that  when  we  speak  of  guns  not  being  elevated  more 


f  Sse  Cbtimia's  first  mte. 
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tbaa  nine  degrees,  it  is  signified  that  that  is  the  greatest  iMigte 
St  wliidi  the  p»ee  wUl  recoil,'  witfaoiH  strtkiBg.  the  p»rtMlL.  . ; 
.  One  indispeoMible  property  wWch  the  bed  and  c«iin.oiightjto 
possess,  is  the  power  of  affording  support  to  a  gun  at  «Mry 

point  within  the  sixteen  degrees  ;  for  unless  this  can  be  effected 
with  certainty,  the  efiiciency  oi  a  battery  will  be  proportioaably 
destroyed. 

The  present  practice  of  canstructing  beds  and  coins  ps  to  4c* 
feeiivc  In.  principle,  thi|t  there  u  often  a  total  abmce  of  support 
to  the  breech  of  a  gun  eometimes  to  the  extent  of  three  degrees 

out  of  the  sixteen  ;  >Tt,  although  so  obvious  a  defect  could  not 
fail  of  being  frequently  remarked,  it  does  not  appear  thatany  ade- 
quate plan  has  been  devised  to  correct  so  great  an  imperftBCtion 
in  the  armament  of  the  British  navy*  The  interruptton  of  support 
is  dependent  on  two  causes :  first,  The  method  of  changing  the 
position  of  the  ^ec^when  it  becomes  necessary  to  alter  its  situa- 
tion, in  order  to  give  more  elevation  to  the  gun  than  the  tMn* 
nest  part  of  the  coin  will  afford  ;  and  secondly.  From  the  coin 
itself  not  being  formed  on  a  principle  of  giving  coMmm  sup- 
port to  a  gun,  when  changed  firom:  lying  %tX0ntp'  to  being 
pilneed  upon  its  edge.  These  are  great  and  avowed  deficiencies; 
but  they  have  recently  been  modified  in  some  measure,  by  sup- 
plying every  gun  with  an  additional  hand-coin,  similar  to  those 
used  for  carronades. 

When  a  want  of  support  occurs  in  actual  service,  so  that  a 
gun  cannot  be  directed  with  precision,  the  coin  is  usually  placed 
between  the  guh'  and  the  cheeks  (or  brackets)  of  the  carnage  to 
keep  the  breech  up  to  its  required  heiglit^  but  a  practice  of 
this  kind  is  objectionable  for  many  reasons^  and  can  only  be 
sanctioned  as  an  expedient.  Nothing  can  justify  a  defective 
sysiem,'Unless  it  be  unavoidably  bad  $  and  it  is  not  because  a 
naval  engagement  genendly  takes  place  under  this  o#  that-  con- 
dition, and  rarely  under  nther  circumstances,  that  the  bed  and  , 
coin  should  be  suffered  to  continue  capable  of  giving  partial 
support  only  to  the  breech  of  a  gun.    If  we  tolerate  imperfec- 

♦  '  r  ■  .    t,  ,  ^ 

t  ■ 

%  Pofiiftpt  it  wouU  1w  better  if  ships'  porteills  were  cut  paiaUel  to  the  rwrnd 
if  'torn,  or  to  the'  dzieetioa  in  wMoh  the  gon  recedes,  iattead  of  heieg 
triwned  Urel,  or  vecyMdy  so.  This  would  wAm  o  difiveaes  cC  sboat  % 
degveo  etch  wi^,  wheffe  Ike  shiffasite  is  of  luvt  sssnkUiif 
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tioas  which  may  prevent  a  gun  beiug  ai^ listed  to  any  pombU 
dmlMHi  or  dg^nikwi  (within  the  limits  sixteen  degrees)^ 
m  iaewr  the  rasponliliilitf  of  spmlaitiig  with  our  hatiMial 
ImiUJrtt  and  hmioiif,  aid  of  unfiuirfy  diaappointiiig  those  who 

fight  our  battles. 

Precibioii  in  luival  ^uanefy  is  as  important  as  precision  in  anv 
thing  eUe ;  and  it  will  be  seen  by  the  following  narrative,  that 
where  men  ere  properly  disctpliued  in  the  exercise  of  their  guns, 
tlMr^Mlimeewr&ey  Uapneiimimif  and  that  the  unscieiH 
tifle  oonBtructton  even  of  to  simple  a  machine  as  a  coin,  may 
prove  to  be  a  serious  defect  in  system,  and  of  some  moment  in 
actual  warfare. 

The  biographer^  of  the  Hon.  Captain  Duncan,^  after  enume- 
tattng  the  many  naval  services  of  this  gallant  officer,  observes  a4 
foUowB  i^**  There  is  another  point  which  Captain  Duncan  has 
great  reason  to  pride  himself  upon ;  namely,  his  attention  to 

naval  gunnery,  and  a  recital  of  the  circumstance  which  we  are 
told  first  led  him  to  see  the  necessity  of  attending  thereto^  may 
be  a  useful  lesson  to  our  young  olhcers. 

A  few  weeks  after  the  Porcupine  (24  guns)  was  manned, 
Captain  Donean  chased  a  ship  during  the  night  in  the  Archi- 
pell^;o,  which  proved  to  he  an  American  merchant  vessel.  While 
hailing  her,  and  while  the  two  ^ipe  were  almost  touching  eaeh 
other,  a  gun  on  board  the  Porcupine  went  off  by  accident,  and 
a  whole  broadside  followed.  The  guns  were  all  double-shotted, 
and  Captain  Duncan  naturally  supposed  the  neutral  ship  would 
he  cut  to  pieces^  Although  h^py  to  hear  she  had  noi  suffered^ 
-his  surprise  was  verjr  great  to  find  that  a  broadside  oonld  be 
fired  so  close  without  producing  any  effect:  iirom  that  moment, 
he  saw  tiie  absurdity  of  the  common  form  of  exercise  which  he 
had  been  accustomed  to  pay  so  much  attention  to  as  is  gene- 
raUy  done  $  and  that  real  exercise^  and  the  greatest  and  most 
tons  taut  attention  to  it,  was  necessary. 

^  in  a  short  time  the  crew  of  the  Pofcupine  became  perfect 
gunners  |  the  Mercury's  were  the  same ;  and  never,  dnring  the 
war,  did  the  firing  of  any  ship  surpass  that  of  the  Imperieuse. 

One  day  under  a  battery,  the  captain  of  a  gun  was  asked 
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'hj  an  Meet,  ifhy  he  did  n<»t  tire  ?  The  BianTeplittfl|  The  hoifi 
^iffia»aif$  i$  tob  rnsdl'  and  not  tnouph  putjkd;  I  am  eUjpiiittg 
a  bi<  of  wood  foHt;" 

What  could  be  more  applicable  to  the  subject  of  the  present 
article  than  this  anecdote  ?  it  shows  the  necessity  of  paying 
minute  attention  to  what  are  sometimes  called  points  of  theory, 
bat  Which  are,  in  reality,  broad  principles  in  practice;  and 
'while  it  establishes  the  fact,  that  the  support  commonly  givefa 
to  the  breech  of  a  gun  is  uncertain  and  irregular,  owing  to  the 
unscientific  construction  of  the  beds  and  coins,  it  excites  one's 
surprise  that  the  hint  it  otTers  has  not  led  to  the  introduction  of 
an  efficient  system  long  ago. 

;  Before  we  proceed  to  describe  the  proposed  method  of  con- 
stfttCting  beds  and  coins,  let  us  briefly  consider  What:  it  Is  that 
'determines  the  elevation  and  depression  of  naval  ordnance. 

The  elevation  of  a  ^un  at  sea  depends  on  two  considera- 
tions, namely,  the  distance  oi  the  object  to  be  fired  at,  and  tiie 
'lateral  position  of  the  ship.  i 

if  atk  ol^ect  be  wtlhiii  400  yards,  a  24^pottnder  gaki  ^l! 
earry  a  ball  to  strike  it  when  tb«  axis  of  the  piece  Is  horlisoii- 
-■tal;  in  sueh  a  case  therefore,  it  would  be  necessary  to  elevatfe 
or  depress  a  gun  on  board  a  vessel,  through  exactly  the  sanle 
angle  as  that  to  which  the  vessel  is  inclined,  in  order  to  ensmt 
-horizontal  firing.  •  ' 

*  *  This  fo  tod  evident  k  principle  to  need  dtenkmstrali^ll  $  anB 
It  It  one  which  may  easily  be  ivcted  hpoti  by  placing  a  pendolmh 
(connected  with  a  graduated  arc)  in  conspicuous  parts  of  a  shijp 
to  denote  the  anc^le  to  which  the  vessel  heels.  '  '  * 

But  if  the  distance  of  an  object  exceed  400  yards  (the  as- 
pbln^>bla^  r^mge),  the  gun  should  be  ekvated  one  de- 
cree for  abcHil  every  addklomd  liiree  htandred  yards,  and  th^ 
-Immher  <if  degle^s  due  to  th^  Whde  dislmiee  should  be  added 
to,  or  deducted  from,  the  inclination  of  the  ship,  according  as 
the  eneniv  is  to  leeward  or  to  windwftrd* 

*  As  the  distance  of  an  object  and  the  meUned  position  of  the 
ship  from  which  a  gun  is  fired  alone  gcfieni  the  verfticai  evoh%- 
taoni  of  a  pieds  of  ordoanee^  it  remahis  to.  inquire  whetiAr  a 
.•hip  often  undergoes  any  rapid  changes  of  lateral  po'sitien^  and 
whether  those  changes  aie  subject  to  a  law  of  variation  lybiph 
ia,  understood, 
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It  is  important  that  we  should  dwell  a  little  upon  this  point, 
because  the  inclination  of  a  ship  is  the  variable  part  of  the  con- 
ditioiis  of  firing  within  potnt-bUnk  raoge^  or  at  a  given  dit- 
Uaotp  aad  theralMre  imrohres  «  iiMMt  Mential  qvettion  in  ma- 
liae^imiiery  %  and  farther^  became  it  has  been  ataerted  upon 
high  authority,  that  *^  it  it  not  of  any  material  importmice 
whether  the  coin  i;e  adjusted  or  not ;  neither  can  any  disap- 
pointment arise  iro[n  any  alteration  that  may  taiwc  place  in  the 
position  of  the  coin  iu  hring/' 

With  defeience  to  this  opinion^  it  is  snbmitted  that  nothing 
ean  be  worse  |haa  a  series  of  gons  so  immethodicaUy  supported 
at  the  breeeh,  that  if  the  whole  were  dischaiged  simnltane- 
crasly)  no  two  of-  them  would  carry  a  shot  the  same  horizontal 
distance:  or,  if  the  rolling  of  the  ship  be  made  the  nieaas  of 
giving  the  pro|»er  elevation  of  tiie  gtms^  no  two  of  them  couid 
be  fired  at  the  same  instant. 

When  a  vesael  vqUs  thrmigfa  a  jiven  ai«y  ilm  siioci!iaiv!e  .de> 
grees  are  performed  in  unequal  intervals  of  time,  the  motion 
not  being  uniform  j  and  the  action  of  rolling  is  so  far  analo- 
gous to  the  vibrations  of  a  pendulum,  that  the  velocity  may  be 
considered  grieatest  in  the  nuddie  of  the  arc,  and  least  towards 
the  extremities.  It  is  obvious  too,  that  at  die  extcemea  of  os- 
.cillationi  there  ia  a  temporary  suspension  of  mption,  varying  in 
duration  according  to  external  circumstances.  Now,  this  van* 
-ation  of  velocity  is  far  from  being  a  mtfie  theoretical  differ- 
ence, adduced  for  the  sake  of  refining  the  argument  or  sup- 
porting a  particular  opinion ;  but  it  is  an  essential  and  practi- 
cal alteration  of  velocity  which  is  sensibly  felt  .on  board  etety 
ship)  and-may  be  as  certainly  calculattd  upon  as  the  return  oif 
the  ship  to  any  of  her  former  pontions.  This  being  the  case, 
it  follows  that  if  it  were  intended  to  adjust  a  gun  upon  the  plan 
of  watching  the  opportunity  of  firing,'*  the  most  correct 
system  would  be  to  study  those  positions  of  the  ship  which 
i^ord  the  best  means  of  taking  a  deUbttate  aim  ;  and,  by  tbe 
same  rule,  lo  aVoid  that  position  which  isaecompaiued  with  the 
greaHeiit  rapidity  and  movement. 

Admitting  the  truth  of  this  argument,  it  is  of  material  im- 
portance" how  the  coin  is  adjusted,  it  is  material  as  regards 
the  facility  of  firing  any  gun  taken  separately  |  it  is  also  mate- 
rial in  point  of       (lo  the  aggregate),  a  daw  motioo  par- 
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taking  more  of  the  character  of  permanency  than  a  compara- 
tively quick  movement ;  and  it  is  material  ia  the  great  object  of 
rendering  a  hattery  uniformly  and  «imnltaneov8ly  destnietive 
by  the  concurrent  discharge  of  the  artitleiy.  Then  is  another 

advantage  too,  in  connexion  with  the  judicious  adjustment  of  a 
coin,  which  ought  to  be  appreciated  ;  and  that  is,  the  means  it 
affords  of  giving  the  true  pointing  of  the  guns  in  anticipaiion^ 
or  before  the  object  to  be  fired  at  meets  the  eye ;  which  may 
be  done  without  being  able  to  see  the  horizon,  and  is  as  easily 
eifccted  In  a  ibg,  in  smoke,  or  in  the  dark,  as  at  any  other  time; 

Jt  cannot  for  an  instant  be  doubted,  that  there  are  many  con- 
ditions under  which  we  may  encounter  an  adversary,  when  it 
would  be  a  most  important  thing  to  be  prepared  for  firing,  by 
m-  aj^roximate  adjustment  of  the  coin.  In  fmsring  qui<^ly 
under  the  stem  of  an  enemy — in  crossing  his  bows— in  meeting 
him^t>ppo8ite  tacks— in  coming  up  with  him— in  waiting  his 
approach,  &c.,  it  unquestionably  of  great  consideration  that 
no  unnecessary  delay  take  place.  Now  it  is  manifest,  that  if  a 
ship  be  under  sail  (which  she  must  be,  to  go  tiirough  thie  sup- 
posed evohitions),  she  will  be  deflected  from  an  upright  position 
in  proportion  to  the  quantity  of  canvas  she  carries and  it  is 
also  evident,  that  the  more  sail  she  bears,  the  better  will  she  be 
able  to  choose  her  situation,  at  the  same  time  that  she  will  be 
less  liable  to  unsteadiness  from  the  undulations  of  the  sea. 
But  the  Ared  velocity  of  a  ship  requires  proportional  prompti- 
tude in  firing,  when  passing  an  object  of  attack  j  if  therefore 
the  ship's  inclination  be  carefully  observed  by  an  instrument  on 
board  for  that  purpose,  it  would  furnish  sucli  information  rela- 
tive to  the  proper  adjustment  of  the  coin^  that  the  utmost  pre* 
dsion  and  eeleriiy  of  firing  would  be  ensured^  at  a  moment 
when  thei^e  may  be  but  very  little  latitude  for  watching  the  roll 
of  the  ship.  "  It  is  this  instanlancous  ainij"  as  Sir  W.  Cou- 
greve  says,  "  that  we  are  in  search  of  for  a  naval  sight.*' 

Sir  W.  Congreve*8  sight  is  certainly  a  valuable  invention^  and 
will  at  any  instant  prove  whether  a  gim  is  correctly  pointed  | 
but  it  is  strange  that  the  scientific  General  did  not  attach  some 
importance  to  the  adjustment  of  the  coin,  instead  of  trusting 
to  the  motion  of  the  sliip  to  (^ive  every  gun,  in  turn,  its  true 
elevation*  The  intervals  between  the  tim^s  of  firing  mustj  for 
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this  reasoiiii  becfmie  as  viiried     the  portions  of  thf  epulis  - 
promiscuous ;  and  the  conditions  of  taking  aim  may  be  lavourr 

able,  or  they  may  not;  but  which-ever  way  it  may  hapjnn,  it 
will  be  purely  accidental.  The  coin  should  give  the  level  oi  th# 
gUHf  and  the  sight  should  give  the  aim.  The  coin  would  give 
the  level  with  malhematical  atcety»  if  the  ship  were  quite 
steady  $  but  as  that  cannot  be  the  case  in  actual  practice^  it  is, 
critic  all  V  speaking,  only  an  approximate  operation  to  level  the 
guns  with  t|ie  coins,  and  it  therefore  becomes  necessary  on  that 
account  to  conect  the  deviations  by  the  eye.  Heoce,  tb^ 
importaiiee  of  SQi«e  inslrnwent  for  seciiriiig  the  level  \  m  veil 
as  the  aim  of  naval  ordnance  i**  and  if  both  be  made  to  cor 
operate,  the  art  of  marine  gunnery  will  attain  nearer  to  per- 
fection than  itp^sibiy  can  so  l^ng  as  either  .consideration  if 
neglected. 

Jtiavii^  stated  what  I  conceive 
properties  of  a  bed  and  e^in  fiv  niival  guns^  I  shall  rec^tOr- 
late  the  argument  by  enumerating  the  qualities  which  the  new 

beds  and  coins  will  l)e  touud  to  possess |  and  then  descube  the 
nature  of  their  construction* 

¥imU  They  will  afford  support  to  the  gun  at  etwiy  point 
witbin  the  eattfem^  angles  of  elevation  a^d  depressioq. 

Secondly.  They  will  regulate  the  borizfmtal  firing,  if  the 
ship's  incliaation  be  given  ;  aud  will  also  deteruiirie  the  proper 
pointing  of  a  guu  when  the  distance  of  an  object  exceeds 
point-blank  range,  provided  the  distance  be  known. 

Thirdly*  The  nvk^  on  the  coin^  apd  tht  ^prtuktaiiim  upop  the 
bed,  are  arranged  in  such  a  manner,  that  it  is  not  possible  to 
confound  the  angles  of  elevation  with  those  of  the  degression, 
nor  to  mistake  one  aiii2;le  for  another. 

Fourthly.  Every  sailor  that  knows  one  figure  from  another, 
may  woik  a  bed  and  coin  on  this  principle  without  any  diffi* 
culty  whatever. 

Fifthly.  None  of  the  properties  of  the  common  bed  and  eoiii 
are  sacrificed  for  the  sake  of  the  ady^ntage^  propo^d  by  the 
new  plan.  .  . 

Sixthly.  That  if  the  practice  of  woil(ing  guns  npon  this 

■  '  ♦  - 

.  ^  Sir  W.  CoogroT^'s  juuuphlot,  p.  ts,  note. 
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*f  tiffaim**  wm  dimfirded,  the >M  adnmUgti  aiummlv^ 
wimkl  nevertKeleat  isenuue  unaltered,  an4  no  practical  evil  what- 
ever would  result  from  inattention  to  the  proposed  method  of 
regulating  the  pointing  of  the  gam  by  tUe  ioQlia^tiQii  qf  tUt 

S^nthly.  Thtl  every  evuliitiQii  wi  be  B^amtiAf  $mt 
pvomptly  performed  witli  (me  oqIii  pnly,  and  only  op^  ^liaog^  iil 

^e  position  of  the  bed. 

Eighthly.  That  the  whole  of  the  elevatio.n  being  obtained 
}fihQU  the  bed  is  in  its  upp^r  portion,  and  the  wllple  qf  the  de^ 
prewiott  witb  the  bed  <t4  iQWer  positioB,  tbi»  ptopoied.  ptot 
pg<»»8»ea  a  puperiofity  over  the  cominon  system  In  (his  respect } 
for  the  average  elevation  of  a  gun  when  resting  upon  the 
common  bed  beinp^  five  dejG^rees,  if  the  inclination  of  the  ship, 
vary,  sometimes  exceeding  five  de^r^a,  and  ioWQliiiQ^  Ipis,  tb#k 
bed  Biuftt  b^  sbilted  efwordingly*' 

« 

Method  of  comtrueHn^  theprpposed  Bed  dnd  Coin. 

F^.  13,  mprwenti  a  gun  and  eeifiage^  with  the  «x»of  tte 
l^e  heriBoatal.   Let  a  level  line  be  drawn  Aom  the  loweit 

point  of  the  breeoh,  extetidinf  to  Figs.  14  and  15,  aaahown  hf 
a  dotted  line.  In  Fig.  1  ^,  draw  a  b  parallel  to  the  dotted  line, 
%k  inches  ^  below  it,  and  3  feet  long«  Bisect  a  ^  in  ^,  and  draw 
lines  perpendicular  to  a  b,  from  the  points  m,  6,  and  e  /  and 
these  perpendienlars  be  eentiiRied  both  upwards  and  dewwards, 
as  represented  by  «  e,  ^  il  and  ft/ in  Fig.  14,  and  by  the  ticked 
lines  in  figures  A  and  B. 

I^et  the  perpendicular  at  b  be  intersected  in/  by  a  level  line 
dimwa  from  the  extreme  of  an  arc  of  mime  d^rees,  described 
thfoogh  the  breeeh  of  the  gnn  from  the  oeiitre  e  (Fig*  13)  of  the 


*  W«  maj  eanlj  ooneeive  a  eue  in  point.  A  vetiel  OMiung  ip  with  as  sd* 
rpnufj  inaj  hee)  .more  thyn      Imt  if  oa  ehortening  Mil  for  th^  pwrpow  of 
oloflO  ooabatt  the  inolination  be  reduced  to  3  or  4^,  it  would  be  necessarj  to 
■bift  the  whole  ol  the  beds,  nUeiS  it  be  previously  datenniaofl  dMiao  iiiaf 
i|haU  t«hs  plso*  velil  Ihs  voiyelsaip  lOfol^l/ eagyi^ 

*  t|iseh#s  it  OB  Mspmod  dtMiiioa  tho^hi>MM*t  Bsrt  olthat  psrtisB  el 
the  eoia  whioh  it  iatpsdtd  to  toppoft  tl^  gaa. 
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tmmioii.  Join  0/  (Fig.  14) ;  theo  will  Hw  fiae  «/'reprMiit 

the  direction  of  an  inclined  plane  capable  ©f  sopporting  the 
breech  of  the  gnu  at  every  intermediate  point  from  a  hori- 
aontai  position  to  nine  degrees. 

By  con&tnietioD,  o/*  is  bisected  in  d  /  if  therefore  o  d  and  df 
¥e  toeeessivdy  introdiiced  benealb  the  breeeh  of  the  gun,  it  is 
nanifest  Chat  the  support  will  be  peifeet  and  grtubmi  thvongli 
every  point  within  the  range  of  9^.  This  is  the  principle  of 
the  proposed  coin. 

In  making  a  b  equal  to  36  incheSf  we  assome  a  coin  to  be 
S  feet  longt  whieh  is  about  the  common  kngth,  and  that  a  dis* 
tanee  of  S  indies  at  each  CKtremity  may  be  considered  as  orer* 
length,  thus  leaving  1 S  inches  for  the  working A^n^xh  of  a  coin, 
and  36  inches  for  twice  the  working- length.  Figs.  A  and  B  are 
each  24  inches  long,  and  respectively  show  the  exact  form  of  a 
coin  on  the  new  principle,  when  lying  iiatways,  and  whoi  placed 
upon  its  edge.  The  thicknesses  at  the  extremes  of  tiie  work* 
ing-Iength  of  A  are  equal  to  0  a  and  cd;  and  the  thicknesses 
at  tlic  extremes  of  the  working-length  of  B  are  respectively 
equal  to  and  bf^  consequently,  after  tlie  coin  ceases  to 
laise  the  bnech  when  used  flatways  (that  is,  .with  the  dqMh 
e  it  will,  when  turned  upon  its  edge,  commence  to  give  sup- 
port at  the  same  depth  or  aligle,  and  continue  to  do  so  througli 
the  remaiuini^  dcf^rees  to  the  depth  bf^  supposing  it  to  traverse 
upon  a  horizontal  bed. 

Again,  it  is  evident  that  if  the  gun  were  supported  korinon* 
tally  upon  the  point/,  the  point/ being  brougiit  to  a  level  with 
the  breech  by  lowering  fAtf  deif  sufficiently  for  that  purpose,  the 
breech  would  desceiid  tliiough  9^  with  the  same  regularity  that 
it  was  before  raised,  provided  the  coin  be  wUMruwn  first  on  its 
edge  and  then  flatways.  Hence  the  same  coin  may  lie  made 
to  answer  for  the  whole  of  the  elevation,  and  the  whole  of  the 
depression,  if  the  bed  upon  which  it  is  worked  be  properly  ad- 
justed for  the  distinct  cases. 

Figs.  16  and  IS  represent  the  upper  and  lower  sides  of  the  bed, 
with  the  degrees  marked  thereon,  to  show  the  angles  of  eieva« 
tion  and  depression«  There  is  an  index  both  on  the  side  and 
edge  of  the  edn,  at  one  common  point,  so  that  while  one  is 
exposed  the  other  is,  of  necessity,  couceHled  5  and  vice  versa. 
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These  indicee  travierse  across  the  graduations^  and  always  point 

ont  the  exact  degree  to  which  the  gun  is  «1evated» 

A  pair  of  side-chocks  (or  legs)  as  shown  by  a  side-yiew  Pigs. 
13  and  17»  au  end-vie*v  Fig.  15,  and  a  horizontal  view,  Figs.  16 
and  18,  are  securely  attached  to  the  bed  by  two  bolts ;  and  the 
bed  is  made  just  wide  enough  at  this  place  to  admit  of  the 
broadest  part  of  the  coin  passing  between  them  when*  travers- 
ing upon  the  bed  in  its  reversed  position. 

It  has  previously  been  observed  that  the  extreme  elevation  of 
naval  guns  is  9%  but  that  the  depression  is  limited  to  7%  there* 
fore,  at  the  point* where  the  inclined  line  o/  (Fig.  14)  will  de*' 
press  the  guti  2^,  draw  a  y  vertically.  Apply  ^  ^  in  a  vertical 
direction  below  the  breech  of  the  ^\\\\  (Fig.  13)  ;  this  will  give  a 
point  in  the  upper  part  of  a  bed,  which,  being  fixed  horizontally, 
will  allow  a  coin  formed  from  the  moulds  A  and  B  to  support  a 
gun  horisonttily  upon  the  point  9^  and  subsequently  to  depress 
it  through  every  point  extending  to  an  angle  of  7*.  This  is 
done  to  keep  the  bed  as  low'  as  posbible,  which  is  desirable  for 
several  reasons,  viz.  it  shortens  the  side-chocks  (or  legs),  which 
are  thereby  rendered  Tess  liable  to  injury  \  it  reduces  the  weight 
of  the  bed;  it' lessens  the  expense;  and  it  furnishes  a  better 
bearing  for  the  coin,  as  seen  in  Fi^.  13,  than  if  only  the  over- 
length  (or  tip)  of  the  coin  were  under  the  breech  when  the  gun 
is  at  point  blank* 

The  legs  are  intended  to  stand  upon  a  thin  chock  placed  6n, 
the  upper  part  of  the  axle  tree.  This  chock  will  be  a  ^  regula- 
tion chock,"  varying  in  thickness  according  to  tlie  round  of  the 
beam  at  the  several  ports  ;  and  is  introduced  with  a  view  to  pre- 
vent any  alterations  in  the  beds  after  they  are  once  made,' 
thereby  rendering  any  sets  of  beds  always  applicable  to  the 
same  description" of  gun,  and  indiscriminately  answerable  to 
any  port  in  a  ship.  Tlie  length  of  the  side-chocks  should  be 
equal  to  the  sine  of  7°  ;  or,  equal  to  fb — xy  (Fig.  14). 

When  the  bed  is  in  its  upper  position,  it  is,  as  before  stated^ 
the  distance  sy  (Fig«  14)  =s  «tne  2^  +  2^  inches^  below  the 
breech  of  the  gun ;  but  when  it  is  in  its  lower  position,  it  is  the 
distance  xy  +  sine  of  7^  =  2-ij  inches  +  sine  ff*  fb 
(Fig  14)  below  the  breech  :  and  it  is  thrown  into  this  last  posi- 
tion by  revermg  the  bed  and  placing  its  inner  end  upon  an 
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mXx%  Mrbqll  MM  to  f«c«ivtt  it  Th^  bed  if-  imh  in  a 
▼ereed  pMltion  in  F!^.  17,  where /U  tK9  supposed  point  of  lion- 

zoiital  support,  IVoiu  which  the  whole  of  the  elevation  is  given, 
by  withdrawing  the  €qi^  successively  on  its  edge  and  side. 

The  plai)  of  giving  the  whole  of  the  elevt^tion  wUh  the  bed  in 
m  ftmtkm,  vt^i  the  whole  of  the  (jepremm  with  th^  l^od  ip 
another  pptitioa,  \%  novel,  and  h  lets  liable  to  mistake  than 
when  it  is  necessary  to  shift  the  bed  wliile  a  ship  is  on  the  s^me 
t^k,  in  consequence  of  a  variation  of  inclination. 

The  method  of  ohtainiug  the  scales  of  graduatiqa  upon  tha 
beds  my  hf  very  wf  U  ttnder9too4»  without  letters  referencf^ 
hy  iaspeeting  figures  )9  and  ^  wheif  the  axis  «f  the  piece, 
the  trunnion  of  the  gun,  the  diameter  of  the  breech,  and  the 
arcs  described  by  the  breech  by  introducing  the  coin  succes- 
sively on  its  side  and  edge,  are  shown.  The  degC^e^  pf  the 
am  ave  levflM  over  to  the  inclined  lines  representing  0ie 
app^r  part  pf  the  cpin  in  ifs  two  popitieiMii  and  tjiqse  points 
are  then  squared  down  to  the  base  of  the  coin.  In  this  manner 
we  arrive  at  the  horizontal  distances  thrnui^h  which  the  coin 
nn|st  traverse  under  all  the  varieties  of  elevation  a^d  Repres- 
sion I  and  this  is  aU  that  need  be  dqne  in  aetiial  priiati^  in 
addition  to  what  bm  bisen  eiiplain^*  with  the  ax^tlop  of 
placing  the  bed^koUi, 

To  find  the  positions  of  the  bed-bolts.  Place  the  gim-car- 
riage  as  nearly  as  possible  in  a  situation  similar  iQ  (li^t  in 
which  it  will  st^nd  when  upon  the  dacl^ ;  in  Qther  wnrdsi  malse 
an  allowance  for  the  roiind  of  the  deck,  in  the  distfinoe  lietween 
the  fore  and  binder  trucks.  An  average,  qf  half  an  inch  ia  a 
foot  will  be  found  to  luibvver  very  well. 

Praw  a  vertical  line  on  the  cheek  of  the  carriage,  passing 
through  the  centre,  of  the  trunnion  of  the  gun,  and  i|f)on  this  line 
set  off  ^  distance  below  th^  am  of  the  pia^a,  ^nal  to  the 
radiuf  of  breech  +  ^  2^  +  tkkknees  qf  /Af  ^tfd^  and  then  draw 
a  horizontal  line  through  this  point  along  the  hf^l^^t  of  the 
carriage. 

From  the  vertical  Ihie,  set  pff,  on  the  line  last  drawn,  the 
length  of  that  portion  of  the  gan  l^tweeii  the  centra  of  tha 
tninnion  and  the  breach;  this  will  give  a  polpt  verticallir  belaar 
tba  hrf§ob  ^hen      gun  is  )^ve!,        bapl^  21  iuqhe^  that 


r 
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lieing  th^  extreme  distance  thut  the  coin  will  ever  pass  undtif 
the  gun,  viz.  18  inches  working-length,  and  3  inches  over- 
length,  and  make  this  point  the  position  ot  the  upper  bolt  m, 
f%.  13,  It  will  represent  the  under  part  of  the  bolt|  admitting 
that  the  bolt;  has  stink  its  diameter  into  the  scoce  ip  the  bed^  * 

The  lower  bolt  j),  Fig.  13,  will  be  as  much  below  the  upper 
one  as  the  length  of  the  sidc-chocks  below  the  under  part  of  the 
bed  3  co{isec|uetxtly  the  bed,  when  revers§d|  will  be  parallel  tp. 
its  fprmer  position.  Draw  therefore  another  horizontal  lipe. 
upon  the  bracket  of  th^  carriage,  and  place-  the  bed-bpit  anyi- 
where  upon  this  line,  so  that  it  will  afford  a  good  bearing  when 
the  bed  comes  to  rest  upon  it,  and  that  the  score  upon  the  upjier 
surface  for  (l)e  bed- bolt  he  situated,  between  the  £|ra4u^ti9^s. 
marked  iipqn  the  top  of  the  bed,  .  > 

This  explains  the  greatest  diificulty  that  attacshes  to  the  p|a% 
but  it  is  one  which,  was  thought  very  iittje  of  by  intelligent 
mechanics  with  whom  I  have  had  intercourse  at  the  gun-wbarfi| 
on.  this  service. 

£yery  coin  should  be  (like  some  recently  iitte4  at  Ports- 
mouth) plated  upon  two  of  its  surfaces  from  end  to  end,  with 
a  thin  iron  bar,  about      inch  broad,  and  ^  of  an  inch  thick 

(let  in  flush  with  the  wood),  to  prevent  the  breech  of  the  gui^ 
indenting  the  coin,  which  is  an  excellent  preventive  a^i^st 
one  of  the  inaccqracies  in  practice  often  injurious  to  theory. 

There  is  anotlier  casualty  which  ought  to  be  guarded  agiiiqstf 
as  affecting  the  height  of  the  breech  relatively  to  the  trunnion^ 
and  which  therefore  alters  the  angle  of  elevation ;  it  is  the 
shnnkagc  of  the  trucks,  especially  the  hinder  ones^  which,  as, 
tbey  become  seasoned,  assume  i^n  elliptical  form,  owing  to  the 
contraction  of  MTood  being  greater  across  the  grain  than  in  the 
flirection  of  the  fibre,  lliis  is  by  no  means  an  unimportant 
consideration,  though  it  may  easily  be  rectified  by  making  the 
trucks  of  two  thicknesses  (placing  the  grain  of  the  wood  cross- 
wise), or  by  making  them  of  timber  less  liable  to  alteration  of 
form  from  atmospheric  Influence.  We  cannot  attend  too  par- 
ticvlarly  to  points  like  these,  fbr  the  hdght  of  a  ship's  hull 
in  not  sufficient  to  justify  the  slightest  disregard  to  contin* 
g;encies  which  aflect  the  vertical  evolutions.  Sir  William  Con- 
greve  has  very  justly  said,    I  do  not  hesitate  to  assert  that 
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without  some  well-orgaoized  instniment  for  poiatiug  guns  on 
board  Mp,  with  any  motion  in  the  vessel,  there  can  be  no  cer- 
tainty of  practice  even  at  2O0  yards  distance*** 
After  the  authorities  that  have  been  quoted,  it  cannot  sorely 

be  questioned  u  lietlier  a  gun  ought  to  be  supported  with  accu- 
racy at  every  intermediate  point  between  the  limits  of  elevation 
and  depression ;  nor  can  it  be  thought  a  too  great  refinement  of 
principle,  to  insist  on  the  advantages  of  an  oiganixed  instniment 
for  regulating  the  level  of  gvns  at  sea,  meihotSeaUif,  lest  we 
should  miss  the  hull  of  a  ship  even  at  200  yards  distance. 

In  conclusion.  A  model  of  a  bed  and  coin  constructed  in 
the  manner  already  described^  and  possessing  the  properties 
which  it  has  been  contended  a  bed  and  coin  ought  to  posscst^ 
was  first  made  in  June  last*  It  was  shown  to  a  few  naval  officers, 
who  expressed  themselves  much  pleased  with  the  plan ;  and  in 
the  course  of  the  following  month,  it  was  jsubuiitted  to  the  Hon, 
Captain  Duncan,  at  the  Ordnance.^ 

Nothing  could  be  more  gratifyii^  than  the  liberality  with 
which  the  proposition  was  received,  and  the  facilities  at  all 
times  afforded  in  every  branch  of  the  Ordnance  Department. 

FoLirtten  beds  and  coins  were  shortly  afterwards  titled  for 
trial  on  board  his  Majesty's  ships  Caledonia,  I^,  Magicienne, 
and  Pylades ;  and  others  would  have  been  put  on  board  the 
Asia  and  Revenge,  if  they  could  have  been  finished  in  time  ; 
bat  these  ships,  then  lying  at  Spithead,  were  unexpectedly  or- 
dered to  sea.  Four  sets  of  hcds  tind  coins  were  ordered  fur 
every  ship  excepting  the  Pylades,  and  she  of  course  had  tlDem 
to  her  two  bow  guns  only. 

The  opportunities  now  afforded  for  making  experiments  will 
soon  determine  whether  the  proposed  beds  and  coins  are  supe* 
rior  to  those  at  present  used  in  the  iklw  .  If  they  should  be 
found  imperfect,  the  fault  will  be  in  thedclail;  for  theprinupie 
is  as  demonstrable  as  any  proposition  in  Euclid's  elements* 


1  Captain  Blankley  (commander  of  the  Pylades)  was  one  of  the  first  wbo 
exauuiit  J.  iho  model,  and  I  nm  indebti'd  to  Lim  for  tlu  Ijonour  of  on  introduc- 
tioQ  to  Captain  Duncan,  aud  ior  haviDg  luiiue  jiatei^  applied  for  bed*  and  coiM 
<a  the  principle  recommended. 
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Art.  VII. — On  the  Protection  of  Ships  from  Llyhtning,  By 
W.  Snow  Harris,  Esq.,  F.R.S. — (Coiaiuued  from  page 
'  446  of  voU  m.) 

•  3().  Having  in  some  preceding  ob«ervatioiis  pointed  out  the 
ntcaeatky  of  giionlii^  the  British  Mvy  agaimt  the  openitioit  of 
Batumi  eiectridiy,  and  cntefed  upon  the  theory  of  lightning;* 
radt  generally,  we  have  now  to  consider  the  most  effectual 
methods  of  their  application  in  ships;  as  to  obtain  as  com- 
plete protection  in  thunder-storms  as  can  be  reasonably  ex* 
pected  from  the  advaaees  yet  made  in  natural  knowledge. 

34.  It  has  been  already  ohscrved  (16),  that  in  every  case  of 
damage  from  Kghtniug,  the  eleetrie  matter  is  determined  be- 
tween the  points  of  action  through  siicli  line  or  lines,  as,  upon 
the  whole,  oppose  to  its  progress  the  least  comparative  resist* 
sihce)  upon  which  sini^e  and  well-determined  fact  it  is  that 
we  are  enaUed  .to  derive  «pfotectioa  In  thunder-storms.  It 
mst  he  here  remembered  (11),  that  the  materials  of  which 
ships  and  Ijuildin^  are  constructed,  are  themselves  conductors 
of  electricity,  and  are  capable,  alone,  of  transmitting,  in  a 
variety  of  instances,  considerable  quantities  of  natural  eiec* 
tdlci^,  (22).  it  may  thoefere  he  reasonably  inferred,  that, 
\ff  completing  a  perfectly  continuous  and  efficient  line  of  metal 
from  their  most  elevated  points  to  the  base  on  which  they  hap- 
pen to  be  placed,  the  damage  which  so  frequently  occurs  might 
be  either  greatly  palliated  or  altogether  avoided. 
'  35.  The  qipUcation,  therefore^  of  a  lightning  conductor,  to 
a  hhildiog  or  ship,  must  he  always  considered  as  a  means  of 
rendering  more  efficient  the  conducting  power  of  the  whole 
mass,  so  as  to  transmit  such  intense  discharges  of  atmospheric 
electricity,  as  could  not  otherwise  pass  without  intermediate 
ex|flosion  and  damage«  Thiis^  whilst  the  masted  rigging  of 
a  ship  detive  a  direct  protection  fimn  the  metallic  substance 
attached  to  it,  the  latter,  in  its  turn,  is  relieved  firom  as  much 
of  the  action  as  the  former  is  capable  of  transmitting.  The 
followiug  electrical  experiments,  which  are  new  of  their  kind, 
will  aenre.to  illustrate  this  important  fact. 

(•)  Iiet  a  fine  wue  of  iron,  about  the  ^H^h  of  an  Ineh  in 
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94  QiitheihreiHikmi^Sh^/f^l4ifkink$^ 

diameter,  and  about  twelve  inches  in  length,  be  stretched  per- 
pendicularly between  two  insulated  points,  and  let  such  a 
dmrge  of  artificial  electricity  be  accumulated^  and  transmitted 
through  thia  wire,  as  will  juit  fuse  it,  but  not  more.  Let  a 
similar  length  of  wire  from  the  same  reel  be  now  closely  applied 
to  a  cylindrical  piece  of  rather  damp  wood,  and  placed  be- 
tween the  same  points  as  before.  If  a  similar  accumulation  be 
now  discharged  upon  the  wire,  the  wire  will  remain  perfect! 
the  transinittmg  power  of  the  ditkip  #4od  being  soffinlftne  to 
protect  it  from  that  partieular  aeeomulation*^ 

(j9)  Let  a  similar  wire  to  the  preeedilig  be  caused  tt>  pass 
through  the  centre  of  u  finely-exhausted  receiver,  it  will  now 
be  extremely  difficult  to  fuse  it  by  any  ordinary  charge  which 
we  can  accumulate;  the  little  reilslanoe. offered- by  the mUftmak 
to  the  superabuhdant  qnanHljr  of  eleetric  matter  bebig  avf* 
ileient  to  prevent  it  from  passing  throngh  the  meial.  li^. 
fact,  on  the  principle  above  stated  (16),  less  difficult  for  the 
electric  matter  to  pass  through  the  vacuum  than  through  the 
Wire,  at  thd  point  of  fusion.   1  have  known  an  extremely  Am 
Iron  wire  treated  in  this  way,  m^ieh  remaltted  pertetyxundet  m 
txptoSiOft  from  twenty  square  feet  of  eoated  gtass^  highly  chargelb 
whilst  in  air  it  became  fused  bv  the  charge  of  a  small  jar. 
'   (y)  Let  a  model  of  a  mast  of  about  six  feet  in  height  be 
IxmstrUcted,  in  two  vertical  parts,  having  an  interrupted  line  of 
metallic  wire  passed  through  its  etetre  iong^itndimilijr^  ao  ah  in* 
ierty  betweeh  the  opposed  points  of  the  wfre^  which  inay  Be  alioiil 
one-fourth  of  an  inch  apart,  or  more,  a  quantity  of  peret&^ion* 
powder,  and  let  such  a  charge  be  accumulated  ay  will  pass  freely 
over  these  interruptions  ;  the  powder  between  the  points  will,  oa 
llassing^  the  charge  through  the  mast,  bmmia  exploded^  wid  th^ 
paits  -of  thti  tdflst  ihra#ii  aawiUfori  Let  the  whole  be  agm 
replaced- as  before,  and  aii  eittremeljr  fine  wife,  or  dip  of  gold-; 
leaf,  attached  to  the  mast.    In  this  case  an  accumulation  may 
be  discharged  upon  the  whole,  nearly  equal  to  the  fusion  of  the 
#ir«,  before  «ny  portloti  of  the  ehwge  will  piss  inside  in  the 
.  ^ '     II    •    I  — ■ — ■  ■  .  ■  •«  >        .fi.^..' ■  ■■■■  I.  ■  ■ 

#  ■ 

iniisls  a  mmnmhBA  delicate  experiment,  and  requires  a  verj  careful  ad- 
joatment  of  the  accumulation  by  which  the  wire  is  to  be  fused.  For  an  accurate 
method  of  effectin|  this,  see  Transactiont  Of  tiio  FljflRiatii  l]ittilatM%  vaL  iL 
p.y4.  8«e4i.  V .   
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inCerrupted  circuity  and  force  the  parts  asunder  5  so  that,  with 
the  same  acciiauilatioi)  as  before,  the  mast  will  remain  perf«er. 
M  the  iaianrth  betmeh  iht  wire  inside  the  mM  be  eilfltoieillljr 
great»  then  tlie  pnitectiDg  wire  mejr  ^9en  undergo  cen^le 
Mony  witfaobt  the  powder  intide  becoming  Exploded. 

*iG.  iSince  damage  iii  thiinder-storms  only  Occurs  when  th^ 
^tctric  metier  cannot  be  transmitted  with  sufficient  rapidity, 
as  in  the  cam  above  dted  (n)  (o)  (22),  it  may  be  henoe  fairly 
inferred^  thikt  .aithongh  .we  shoald  never  eome  to  koo^  tM 
actual  qiiantity  of  deetrie  matter  liable  to  be  di«ehar^  in  a 
thunder-btorm,  we  hav<j,  nevertheless,  bv  increasing  the  cdft- 
ducting  power  of  the  mass^  xnuitipiied  the  ciiances  of  escape  in 
an  extmordinaiy  degree.  Mr<  G«reiidisli  haa  ptwvedi  that  even 
the  condncting  power  o£  water  u  a  nHlion  tinM  leiii  than  that 
,of  iroA  wire.i  It  appears  from  a  nodee  given  by  Mr.  CaTeildisft, 
of  some  experiments  he  has  made  on  this  subject,  that  iron  wirfc 
.conducts  about  four  hundred  miiiion  times  better  tiian  distiUed 
■water. 

37.  Although  the  application  of  lightning^eondtfclOHi  t» 
buildbigs  on  shore  is  always  judieiovs,  atid  the  resulting  advaft^ 

tages  fully  apparent,  yet  on  ship- board,  where  the  effects  of 
lightning  are  stiU  more  to  be  dreaded,  the  introduction  of  this 
means  of  defence  has  been  alow  and  imperfeu  On  shove^ 
atationary  elexAtions  ihay  be  defended  by  means  Of  Hgid  me^ 
tallie  rods,  which  may  be  either  perpendtcnlar)  or  carried  over 
projecting  portioas  of  the  edifice,  without  impairing"  their 
efficacy.   On  ship-beacd^  however,  the  .case  is  widely  diiierenU 
•The  masta^  though,  erect^  oondst  of  nnniy  distinct  portiona; 
.these  it  is  often  tieeeasary.  to  move  end  npon  another^  and 
.aometimes  to  reitiove  altogether ;  they  are  also  liable  to  damag;e 
.from  wind  aad  other  accidents ;  whilst  the  quantity  of  cordage 
and  canvas,  so  constantly  about  the  masts»  often  necessarily 
.rendefe  the  oonditioa  of  a  ii|^tamg*eondotiQff  still  more  eomk* 
•plleated.  With  a  view  of  meeting  thele  dificUltiea^  tiae  emir 
ductors  employed  at  sea  usually  consist  of  long  links  ef  metal, 
or  chains,  about  the  size  of  a  goose-quill,  forming  a  semi- 
fiexibie  metallic  line)  they  are  sometimes  made  of  iron.  Those 

t  TtsBssatiMks  sf  tbs  HogrsI  8i9P^« 
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*  employed  in  his  Majesty's  navy,  however,  are  of  copper  ;  they 
.are  attached  to  a  hemp  cord,  and  being  packed  ill  a  box,  are 
Ifiteiided  to  be  Mt  up  fitom  the  mast-head  v^ieii  ooeaaion  le- 
^fta;  M  thu,  ai  observed  by  Mr.  Singer,  in  his  exoellqit 
work  on  elcccrieityy  partly  from  iiHittiention.  and  partly  from 
prejudice,  they  frequently  remaia  uncmploved  ia  the  ship's 
hold  during  long  and  hazardous  voyages  ;  a  remark  the  truth 
of  whi^h  ia  but  too  frequently  veri&ed,  in  the  damage  which  so 
fivqntBtly  oecurs  al  saa  in  aavm  ttorma  of  lightniug.  V  (b)  (o) 

SflL  Thcte  condoeting  chaina  above  nsentionedy  beside  being 
uncertain  in  their  application,  are,  in  a  variety  of  instances,  but 
ill-adapted  to  the  circumstances  under  which  they  are  to  be 
placed;  ioa&much  as.Uiey  are  open  to  every  sort  of  external 
.vioknee  ineideat  Id  a.8)H|i*a  rigging,  and  are  very  liaUe  to  be 
^anmged  in  their  sitnatioD,  iao»  esfieeiaUy  in  gales  of  wind, 
at  night,  when  the  ship  is  nnder  sail ;  and  when,  perhaps,  it  is 
required  to  remove  the  higher  poriious  of  the  masts  altogether. 
They  must,  therefore,  be  considered  only  as  inconvenient  sub- 
alittitas  iDr  fisMd  and  more  extensive  masses  of  metal,  of  imin- 
temipted  ^eoiitinm^,  the  great  want  of  which,  m  every  kind  of 
ehun,  is  extremely  unfavourable  to  the  free  transnuasion  of 
large  quantities  of  electricity,  whilst  the  electric  matter,  in  be- 
coming sensible  at  the  points  of  junction,  frequently  disunites 
the  chain  at  each  link  by  its  expaiMtve  force  (o). 

d&*  The  above  oonaadcrattons^  together  with  the  daaoage 
which  io  frequently  <»6Ciirs.  to  ships  in  thunder-storms,  are  alone 
sufficient  inducements  for  attempting  the  application  of  such 
permanent  conductors  on  bhip- board  as  may  at  all  times  be 
competent  to  afford  security,  which  may  be  always  in  place, 
and  always  veady  to  meet  the  most  unexpected  danger,  without 
being  in  the  least  degree  dependent  on  the  exertiona  of  the  erew. 

40.  in  order  to  effect  this,  it  becomes  essential  to  complete 
the  conducting  power  of  the  masts  themselves,  up  to  the  greatest 
possible  extent  consistent  with  convenience  in  practice,  seeing 

I  ^.1  M    ■  I     III     ■■   Ill         ,  I  I  ,  II     ,1     I  .1        «    j     I     !■      11  ■  ..    ■    -  — 

^  Amhiats  SQomnt  of  tht  sts*  4)f  duBSge  liebtewg*  on  bond  lb«  N«ir 
Yotfc  Packet,  inay  be  seen  ia  die  liveipodCluoaiclet  Mi^  tBf  7,  finm  whiek  It 
•ppeen»that  tke  eondueting  chain,  at  the  time  of  the  first  eipUMioa(A)»  ww 
Mvefulty  stowed  a^  ar  in  its  box  in  the  ship's  hoM^  ahbonfk  set  vp  IB  tisse  t» 

avett  ths  cfiwts  eC  tbasibssi|mt  m^IosImi  (o}« 
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(II)  Ikti  tte  «iMt».  «r6  alMady  ao  drdUMtoaced  ^ 

eouM'of  •  tttroke  of  u  sotually  detemined-liy  tlwir 

necessary  position,  iiximediateiy  through  the  body  of  the  vessel, 
and  which  is  the  more  expo4dd  on  that  accouut  to  damage^ 
if  the  conducting  pcmet  of  tho  niMta  remauia  low  andunaiaisM* 
II  wiH  be  therefore  rtqaiaite  to  identify  witk  the  maati^  «.coit«» 
tkraons  lineof  metal  fton  the  vaaMphidle  at  tlie  maet-hMd  to 
the  sea. 

41.  For  this  purpose  a  sort  of  double  conductor,  of  a  super* 
ficiai  kind,  eonaittiag  of  two  separate  laminst  of  metal,  placed 
oae  cm  the  other,  may  be  eaaUy  formed  of  sheet  copper,  in  abort; 
lengtfae  laf  about  Imir  feet$  the  two Jamims  may  be  so  vniied 
as  to  cause  the  butts  or  points  of  the  one  layer  to  fall  imme- 
diately under  the  continuous  portions  of  the  other.  The  width 
of  thia  conductor  may  vary  from  aa  inch  and  a  half  to  six  inches, 
accordiDg  to  the  atie  of  the  meat,  the  whole  thiekaeaa  benf 
aboat  d«l6tba  of  aa  loch.  The  leagiha  wast  be  first  aaoniad  by 
means  of  rivets,  at  the  points  of  junction,  so  as  to  form  a  per* 
fectly  continuous  and  elastic  lineof  metal  :  this  is  to  be  inserted 
under  the  edge  of  a  neat  dove-tailed  groove,  ploughed  loagitiH 
diaally,  in  the  aft  sides  of  the  oMwts,  where  it  is  subseq^eotly 
eecnred  by  means  of  wroii|^t  eopper  na!IS|  so  as  to  hanre  a  ftiir 
earlaee ;  the  nails  are  driren  at  eaeh  side,  aboat  four  inches 
apart.  The  groove,  previously  to  applying  the  metal,  should 
be  Ireely  painted  over  with  white  lead,  and  must  be  sufficiently 
deep  to  aHowof  the  ctoppo*  being  soolewlmt  below  tibcfanrfiMa 
oflliewaod. 

42.  The  metallic  line  thus  formed  will  then  pass  frbm  the 
Tane-spindle^  or  extremity  of  the  mast^  alono^  the  aft  sides  of 
the  royal  mast  and  top-gallant  mast,  being  connected  in  its 
cobrsa  wik  the  copper  about  the-  sheave-holea.  A  edpper 
Ifadngin  the  aft  side  of  the  hole  m  the  cap  throogh  which  the 
top -gallant  mast  slides,  may  now  carry  on  the  connexion,  and 
continue  it  over  the  cap  to  the  aft  side  of  the  topmast,  and  so 
on  to  the  step  of  the  mast ;  here  a  wide  copper  band  is  to  be 
tamed  round  the  step  under  the  heel  of  the  mast,  resting  on  a 
similar  band  of  copper,  which  traverses  the  keelson  longita* 
dtnally,  connecting  together  for  eight  or  ten  feet  on  each  side 
of  the  step  all  the  keelson .  bolts  j  thci>e  bolu  bhouid  have 

VOL.  IV.  a 
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il  petfedt  intf  g«Md  ebntaet  widi  the  diflNfr  toMii  M< 
l#eeii  the  k«ei  and  false  keel  ifxteteltHf «   tn  Kan  ef  llim 

bolts  the  copper  band  on  the  keelson  ma\  be  connected  with 
three  or  four  perpendicular  bolts  of  copper,  varying  from  otie  to 
two  inches  i»  diameter^  which  may  be  drilFea^  expressly  for 
the  fMirpose^  into  the  main  kee}^  upon  as  ttiaoy  WmMctwB  4f 
keilMnfta!  bolte  brought  into  immediate  ecMiia<»  eriih  the  eoppe# 

expanded  on  the  bottom.^  The  laminae  of  copper  are  to  be  IfirfM^ 
over  the  respective  mast-heads,  and  completely  round  the  heel 
of  the  raasty  being  secured  on  the  opposite  sides  for  about  ML 
inch  or  fliore  in  length.  The  eopfief  connexiotis  In  the  caps 
16  Ins  prepared  In  a  timUHr  wily,  Mdi  of  #Mi  being  CW 
tinned  ttom  the  lining  in  the  all  (ride  of  the  round  Ifole,  ovet 
the  cap  into  the  fore  part  of  the  scjimre  one,  where  the  metallic 
band  is  turned  over  and  secured  as  beforci  so  that  when  the 
cap  h  in  its  place  the  contact  la  complete. 

49.  Betide  the  eoMKHlona  mrith  the  keelsen  bollsi  wide  Mm* 
dnetifig  bahde,  formed  to  before,  should  be  M  ooton  oaoh  ride 

transversely,  from  under  the  beams  nearest  the  masts,  imme- 
diately to  the  iron  knees  or  other  metallic  fastenings  in  ihe 
sides.  In  this  way  all  the  detached  masses  of  metal  of  coase* 
'^nenee  in  the  hull  will  be  completely  eonneelMl  with  the  coin 
dttctore  oil  llie  meats,  thfottgh  the  biter^tien  of  the  copixr 
expanded  on  the  bottom — a  condition  of  the  utmost  conse- 
quence, as  the  action  of  the  conductors  is,  in  fact,  nothing 
fidore  than  a  rapid  diffusion  and  equalizadon  of  the  electric 
action^  by  which  the  concentrated  and  dense  .eKfiioMBli  is 

44.  The  conductors  under  the  beams  are  connected  with 
those  on  the  mast,  by  means  of  a  sliding  bolt,  or  otherwise  by 
the  intervention  of  eopper  plates  inserted  in  a  simpk  and  in* 
Henlooe  tnaiiMr  beiwcen  the  mast  and  beatna,  so  na  to  ensMC 
«  peifoet  eentacty  ae  suggested  by  Mr.  Blee,  of  hia  Mijescy*s 
dock-yard  at  Chatham. 

'  45.  A  lightning-conductor  thus  applied  to  the  mast  ©f  a  &hip, 
a^s  c^onsiderable  strength  to  the  mast  itself  ol  wbkh  k  h  Bwda 

*  Wlien  the  miien-mast  does  not  step  on  the  keelson,  metallic  connexiona 
must  be  continued  to  tbf^  keelson  bolts  and  other  metullu-  fast  rungs,  immediately 
from  the  teniun»tioii  of  the  conductor  in  tiie  sttf,  to  a&j  wa/  most  o«n¥«ai6at< 
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to  f(wm  ft  pftftUwi/  and  is  capable  of  resitting  any  exteraallorce  | 
«UiB^  ^  pmcHlhig'  m  haat  mtfm,  il^admib  •!  tk0  pMrai  of  b 
jmA  tMHwraiafihe  maitifkh  MWf  md  hdag  aftmd  ki  diMf 

lengths,  8o  as  to  form  a  series  of  close  joints,  will  readily  accom- 
modate itiielf  to  any  curve  which  the  mast  can  stand  under^ 
Avtry  perfect  eontinuity  is  idso  maintained  under  all  the 
wyltif  poaitioiM.iif  tlie  nattit  mnA  tlieM  is  a  snftoient  f|iuMitit)f 
of.  metal  to  ensure  a  Tenr  rapid  tmiWKissioii  of  the  ekiellri^ 
matter  ;  it  has,  besides  this,  the  capital  [idvaiilage  of  bein^ 
applied  immediately  to  the  object  to  be  defended.  (Exp.  a.) 

In.  the  operation  of  -  Mcfa  a  onnioetor,  it  k  fwther  evident 
that  ishalever  posittoa  we  8«|^o  the  sliding  tuoBlstoossaiBef 
whether  partially  struck  or  othotwiso^  still  there  is  a  perfeetly 
continuous  line  of  eoiiduction  to  the  sea,  since  that  portiou  of 
the  conductor  which  remains  below  the  caps  and  tops  when  the 
higher  masts  are  struck,  or  partially  so,  is  no  longer  in  the  lipe 
of  action,  it  has  consequently  no  longer  any  influence  in  the 
operation  of  transmitting  the  electric  matter. 

46.  The  conducting  power  of  metallic  bodies  appears  to  vary 
considerably,  although  for  very  low  electrical  actions  they  may 
be  considered  as  equal;  the  differences,  however^  become 
greater  in  proportion  to  the  extent  of  the  charge  to  be  trans- 
mitted. Copper  has,  in  all  intense  actions,  a  decided 
superiority  over  every  other  metal  except  silver,  it  is  there- 
fore, on  this  account  alone,  well  adapted  for  the  purpose  of  a 
lightning-conductor;  besides  which,  it  is  very  manageable: 
compared  with  iron,  a  metal  frequently  employed  in  die  con- 
struction of  conductors,  it  was  found  in  some  particular  in- 
stances to  resist  the  heating  effect  of  a  given  charge  in  the  ratio 


^  The  xMult  of  m  sxtemire  aeries  of  ezperiaieDti,  eairied  oa  tn  his  Ms- 
jeetj*s  dock-jefd  at  Fortsmontb,  ebowed  thst  a  flexible  sper  with  the  attsehed 
ecwdnetor,  xeqnired  a  mean  force  of  48 lbs.  upon  5ewt.,  in  wder  to  bring  it  to  the 
same  point  of  flexure  aa  when  the  conductcn:  waa  not  pTe8eiit-<->the  iq;»ar  beinip 
eubmitted  to  experiment  on  itaeight  squares  ;  irbalat  in  acme  positions  it  re« 
quired  upwarda  of  100 Iba  to  deflect  it  to  the  aame  point.  Chat  is,  nearly  l-5th 
of  the  abore  weight.  Nott,  nlthough  we  cannot  say,  that  the  more  flexible  the 
epar  the  sooner  it  will  Ireak,  yet  it  may  be  reasonably  inferred,  that  in  the  iame 
spar,  any-thing  which  teuds  to  give  it  greater  stability,  and  prevent  it  from 
reacbin;^  under  a  given  force^  that  point  of  flexure  at  which  itua^  be  SUppOSed 
to  fraotur«  muit  n«c«fi(»ariiy  add  to  it  sueof^tb. 
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of  5  to  1.1  Dr.  Priestley  hat  ako  obttrved,  that  the  force  rt* 
yiitttL  til  fajg  »  wiw  of  •qppar  of  a  giw  diaBWUfft  wwiM  Mit 
ppofcati^r  iliwiyitB  anim  nm  of  M09  thai  tana  dtaMelor.* 

Mr*  Siuger  also  observes,  that  when  a  conductor  is  wholly  of 
copper,  it  iihiy  be  thinner  than  if  made  of  iron.' 
<  47*  The  following  TaUe  abowa  the  extent  of  a  condu<:tor  oa 
lhepio|Miia4  plan  (41)^  o«i  ma  matt  of  afdgalaof  M  gowas 
compared  with  the  copper  linka  otiially  employed  in  the  Britnh 
navVy  together  with  the  necessary  equivalent  in  copper  or  iron 
boUj  in  order  to  obtain  a  conductor  of  the  same  value.  It 
baa  been  calculated  00  tba  tappotition  that  the  two  lamime  of 
ooffcr  imBMg  lha  coadndoc  are  l«8th  and  l*16ch  of  aa  inah 
in  ihhdMMia  xmfmlSeaiy  thioughoni* . 


1  HUt.  of  Electricity,  p.  GM\,  «  Singer's  Electricitr,  p.  22C. 

'  -Se*  "  Tr«ui4actiona  o£  tiie  Ro^-al  Societj  "  tor  the  year  p. 
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102       X)»  thg  Pratectim  of  ^ip§  fi^  Li^^ 

TKe  resulting  quantities  in  the  last  line  at  the  'bottom  of  the 
talfe  re|N«8ent,  with  the  exception  of  the  new  con4ucton»  the 
maasMi  surfaces,  and  diameters,  of  cyHndncel  nelaUic  rodsy 
supposed  to  extend  the  whole  length  of  the  mast,  'thin,  in 
columti  2,  we  have  tlie  diLimetei  and  surface  of  a  copper  rod 
containing  18S2  cubic  inches  of  metal,  being  an  equal  quantity 
of  matter  to  that  in  the  new  conductors,  and  the  sums  there- 
fare  are  not  the  result  of  the  additioii  of  the  aueoeasive  masts* 
The  same  may  be  observed  in  colnnm  3,  taking  the  equivalent 
in  iron.  In  the  fourth  column  we  have  the  mass  and  surface  of 
a  coppt  r  rod  of  half  an  inch  in  diameter,  generally  considered  as 
adeqHfttf  to.trausmit  any  stroke  q£  lightning  as  yfit  ejc|>erienced ; 
and,  lastly*  in  column  5  we  have  the  mass  and  Mrfeoe  in  the 
condnctofs  now  Aimished  to  the  British  navy. 

48»  The  ol^eetioos  which  have  been  urged  to  the  con- 
ductors above-mentioned  are,  for  the  most  part,  such  as  have 
beeu  already  combated  in  tlie  preceding  pages  (19),  and  tliere- 
#M  Ta^pdra  hut  little  forther  consideration*  -  It  im  been  said* 
h^wevei^  in  addition,  thift  since  We  can  nev^  come  to  knM 
the  extent  of  every  possible  discharge  of  atmospheric  electricity, 
the  superficial  conductors  may  become  fused ;— *hat  in  fixing 
,  conductors  in  the  masts  we  can  only  have  surface,  whereas  a 
dense  mass  of  metal  is  requisite,  if  we  wish  to  prevent  fusion  ; 
hence  the  metaHic  surfaces  are  calculated  to  bri^g  destraction 
'  on  the  wssel$— that  the  conductofe  are  objectionable,  in  con* 
sequence  of  their  passing  immediately  through  tlie  body  of  the 
vessel,  and  consequently  near  the  magazines  ;  and  lastly,  that  in 
a  mechanical  point  of  view,  the  plates  of  copper  are  not  likely 
to  stand  the  pressure  of  sail  and  working  of  the  masts.  We 
shall,  as  beTore,  proceed  briefly  to  consider  those  aidltional 
objections,  which,  it  muat  be  admitted,  are  ia  themselves  very 
reasonable  matters  of  discussion,  and  very  fairly  urged. 

49.  The  notion  that  a  ship  can  possibly  be  in  a  worse  con- 
dition mik  than  without  the  condvctor,  has  been  already 
8bowtaj(24}  to  be  an  erroneous  one.  Indeed,  the  averse  of  it 
appears  to  nearer  the  truth  (36),  since,  as  has  been  just  stated, 
althougii  we  should  never  hiow  the  actual  quantitv  of  electric 
matter  which  may  possibly  be  discharged  in  a  thunder-storm. 
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Om  the  rrotectmn  ^  Shif^fim  l^hfilingp  IP9: 

Imviy  Mverthdets,  by  complMiBg  tine  o^nimlBkig  jfifmlf  rf* 

the  masts,  greatly  multiplied  the  chances  of  escape, 

50.  VVitli  respect  to  the  absolute  fusion  fd  tim  conducU^rs, 

lite  filsioD ;  thvB  is  evident,  since  tltt  &8ion  arian  from  tlie- 
^ectric  matter  actually  transmitted.  Now,  on  a  review  of  the 
varioaa  oises  of  dajnage  yghtnio^^,  it  cannot  he  said  ^hul  » 
aondnciof  tmial  ao  *  dwoft  md  a£  i  inahca  niiainiilrri  andt 
210tet  k  lengthy mMcIi  may ba  lakm  «aclie«aeipHi<raluaiiC 
the  conductor  on  one  mast  of  a  frigate  of  50  ^uns^  is  at  all 
likely  to  be  fused.  In  short,  tiie  evidence  we  possess  froia 
aafeaai  expei-ieooe        it  fionclusive  against  sucii  m  opmkMh 

md  saaa  Imt  t»  pam*  thai  |itti«  ahort  9£  ^  Mtaaa^hciaa  awn 
yhiiiaii  irqm  ^betriaal  aaftloii,  ci^pahla^f  Mnrohrlag  tha  alup  m4 

everythii^;  on  board  in  one  common  ruin,  could  dissipate  so. 
great  an  extent  of  metal.  Such  unheard-of  and  unknown 
fta9viiisi9ns  we  pretend  noCj  as  aif«ady  ohsmad  to  kiHf^ 
my  fMrar  iif  ifilhstaiuUiig. 

In  ^  Ibregoing  aonsidmliqns  nvsa  hava  mhf  ttiiim  inl0 
account  the  action  of  a  single  mast }  but  k  is  fair  to  pre$uma> 
that  the  conductors  on  each  mast  would  be  brought  into  action 
before  ai;iy  aingle  one  could  uu4srgQ  fusicAiy  in  Ulmlrfl^i^ 
iv^iab  j  shaU  ciAa  the  (^Ho^wg  axiMH^mtf^ 

0)  LieC  aamgla  and  my  Ana  wke  of  km  ;bf  sUaUhad  in  # 
perpeudicular  direction  betv^een  two  horizoi^al  insulators,  and 
immediately  under  a  larger  conducting  ball,  from  which  an 
expLo^a  may  be  caused  to  pass,  just  sufficient  U»  toe  t^iwi^e^ 
If  a  second  wire,  stretched  in  n  aimilar  wtay,  kfi  iufdf  added,  ^mi 
plaoed  near  lha  firsl»  to  as  to  ha  eqid-diaKaiu  ham  the  hvge 
conducting  ball,  the  explosion  will  break  upon  the  two,  bat 
neither  will  be  fused.  Let  now  an  accnmulation  be  obtained 
^apikhle  ci  fusing  both  the  wires*  Then,  if  three  wi^s 
pkcctd  widar  the  candiwtaas,  the  e9i|>l9ai€in  dimde  npan  tfa« 
Ihrae,  and  neither  will  he  fused.  The  diaohargpe  la  heae  »tfh 
posed  to  pass  upon  spheres,  between  which  the  wires  are  se- 
cured ;  but  if  a  pointed  termination  be  given  to  the  spheres, 
then  the  singlis  wire  will  be  no  longer  fu^d  with  the  same  ex- 
tea^  of  chatge*  We  may  hence  infu§  that  iwevtpmly  to  either 
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into  action  (16),  and  duit  IwiKe  irt  may  fairly  eaUndate  ok  iIm 
fusion  of  all  or  none. 

51.  1^  therefore,  we  add  to  the  great  capacity  of  the  con- 
inckita  in  quexiton  their  conjoiat  action,  and  the  Tory  famnir* 
Mt  MidUMna  loder  which  they  art  pku^ed,  that  ia  to  a«y»  llieit 
pahitud  tamhiatioiw  abeve^  and  ihflwperfiMitly  uninaiiiated  afeale 

beloWj  we  have  every  reason  to  repose  confidence  in  their  effici- 
aacy.  So  that,  instead  ot  the  disastrous  results  arising  to  ships 
flrom  atmospheric  electricity,  we  should  find  the  electric  aMittar 
iia|^Utty<diMpated,  and  tmmnitted^  in  matala  of  auah  law  tensioB^ 
fl^lke  tea ;  that,  in  a  great  nneCy  of  caaas^  no  exploiion  would 
be  found  to  occur.  Indeed,  such  seems  to  have  been  actually 
the  case  in  his  Majesty's  frigate  Dryad,  now  on  the  coast  of 
Africa,  under  the  command  of  Commodore  Hayes,  and  one 
of  Iho  fewahifa  in  the  Bfitiah  novy  ei|iiip|Md  with  hghdiiqg* 
ooodoolora  on  the  phm  ahofo  detalM.  I  kani,  ftom  my 
friend  Captain  Turner,  of  the  above  ship,  whoae  hvtelligence,  in 
everything  connected  with  his  profession,  is  only  exceeded  by 
kit  anxi^  to  promote  its  interests.  That  after  having  experi* 
Oiwed  aomo  aemo  hghtoiiig  on  the  ooast»  they  encoootered  m 
tornado,  during  which  both  tiio  Ibre-maat  and  miien^maat  wm 
assailed  at  diilerefil  timet  by  heavy  diaeharget  of  lightning. 
The  electric  matter  fell  on  the  conductors  so  freely,  that  in 
passing  them,  it  produced  a  sort  of  luminous  atmosphere,  and 
taeopod  through  the  hull  with  a  noise  resembling  the  violent 
hoilittg  of  'Water;  a  lesult,  he  says,  whkh  has  given  all  on 
on  hoavd  the  gveolest  confidence  in  the  efficiency  of  lightning- 
protectors,  when  properly  applied.' 

'  S3.  It  is  a  mistake  to  suppose  that  the  conductors  thus 
sttpei^ially  aji^lied  to  the  masts^  are  without  com^deffable 
flowers^  wlien  considered  ev«n  in  welation  to  their  thickiiesa,  as 
may  he  teen  '  by  loference*  to  the  Table  above  given  (45) ; 

moreover,  a(hnitting  that  quantity  of  metal  is  the  great  de- 
sideratum in  a  conductor,  btill  it  must  be  equally  efficient  in 
any  form :  for  the  oonductiog  power  of  the  mass  must  consist 


1  I  linvp  every  reason  to  believe  that  an  express  communica'ion  on  tliis  subject 
WM  seat  to  tiie  Lords  CommisiioBWS  of  the  AcUairalt/,  by  Cooaiuodore  Haves. 
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•f  tka-  conihictfaig  panifer  of  di  Ihe  fwb  of  thut  mmi>  IImvIi 
ipoiild  be  abnnd  to  mppow  Cliftt  «  mass  of  wnltA^'mfmuMk 

into  any  extent  of  surface,  does  not  still  conduct  in  all  its 
parts ;  indeed,  our  experience  of  the  effect  of  electricity  on 
metals  is  qnle  eooduaive  in  this  question^aiiicoit  ia  iiapoiaibhi 
to  ^testroy  m  partion  of  o  peileolly  homofeneona  Miit»!iici  mm^ 
froc^  of  unifiHiB  denaity  and  tfakkness,  by  so  ortUwial  oomhi* 
lation  of  electricity,  without  destroying  the  whole.  We  do  not 
take  into  the  account  here  any  immediate  edge  Of  tingle  point 
upon  which  the  discbarge  is  hist  concentrated,  • 
•  iid.  It  wnddl  8eeiD>  ftom  the  fioo  awl  eooaliisko 
bi^l^Hmtj^  that  a  oonsiderafale  odiantagt  !•  obtitnctf,  by 
expanding  a  maat  of  motal  into  an  extensive  surfoce  ;  since,  by 
80  doing,  we  expose  it  to  a  greater  extent  of  cool  air,  by  which 
ita  teaiperature  is  kept  low,  and  the  heat  caused  by  the  dis* 
ehatga  mnch  dimiai^ied.  That  cfaa  condactiag  power  of  mtfuk 
ie-greatfy  impaNod  by  inertaBe  of  tempamiiroi  is  a  kuct  bcyaod 
aqoestiaa;  the fery  him  txfwrimentB  addoeod  to  llie oantiary 
are  altogether  inconclusive.  A  given  quantity  of  metal,  there- 
fore,  formed  into  a  hollow  tube,  might  possibly  withstand  an 
intense  discharge  i  whilst  in  the  form  of  a  solid  rod  it  wmM 
boBome  fitaed. 

54.  The  eiremnstanee  of  tlio  oondaetora  passing  through  tlM 

ship  is  not  an  objection  of  any  moment,  more  especially,  as 
already  so  oiten  insisted  on,  when  we  take  into  account  the 
sitoation  of  the  masts  themselves,  which,  in  almost, every  iff* 
•tanee,  dettrmine  tbe  ooatse  of  the  electrie  matter  in.  liiat 
directiom  •  Moreover,  vre  invariably  ^nd,  as  Is  well  ebsewod  in 
the  "  Transactions  of  the  Royal  Society,**  that  in  most  cases 
of  lightning  on  sl^ip-board,  no  mischief  occurs  after  the  light- 
nmg  reaches  the  well.  1  hat  the  electrie  matter  may  be  safely 
dorried  througb  the  ship  to  tfae  sen,  k  veiy.  evidtprt  frtnn  expe^ 
Tieneej  it  is,  in  faet»  omng  to*  the  m^^aUie  iastMngs,  wideh 
admit  of  this  operation  going  on,  that  moat' of  the  ships  struck 
by  liglitning  are  saved  from  extensive  damage  in  the  hull.  We 
find  such  to  be  more  peculiarly  the  case  in  his  Majesty's  sliips, 
iirhere  metallic  fastenings  are  m  abundance and  whieb,  being 


•    1  Transactions  «f  the  Royal  Society.  • 
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•II  i«lia%)  m  tm^  ttMitf  «|9«itdtorf  mVk  m^\^  oCher,  bf  m^o* 
of  the  copper  expanded  on  the  bottom,  cause  the  electric  action 
to  be  rapidiy  «]aalized  in  the  vessel  and  surrouoiiiog  wfUer  i  it 
is,  iaditd,  not  a  little  renarkabby  that  tiie  mn$  aHrioaa  aaaif 
§(  dmn^  m  Ilia  ML  hmm  ammmd  in  Miefaaat  sai^ali^  wbm 
walaHia  Aatmimi^       Mn  Hnli  pravaitiit«  in  fartW  iHua* 

tration  of  this  iuiportaiit  fact,  vvc  may  cite  the  ca>>e  of  his  Ma-» 
jeHty  s  ship  London,  in  wbidi  the  fbreHnast  was  shivered  to 
tkt  kes^^  whilst  the  ktiton,  atep,  awi  ioatl,  lamained  perfect. 

55.  That  the  oom^Mm  f9mmmt^wn§mm  la  aikwaa4i 
hit  aiili  pa  tte'  ctaa^  to  m  §mt  degree,  ia  aM  aaagaiinat  de- 
Ittidtd  by  lightnin^-coiiductors ;  they  are  necemaiily  placed 
near  theiu  for  their  protection  ;  for  we  well  know  that  the 
electric  tsytUet  ivUl  not  leave  a  ^tml  comimstfir  m  ik^  iim 
^MombufBmmifm  iatiichiii  or  Icia  mnjminm  Mt  if 

liMlliaa(fiiip.7»4;^S)»  W^anaf  iJiei^Ma  eMaiirfywifa^^ 
mktmmm  th»  lightoing  isfaiiiyM  to  the  oaidiaetor  m  ^ 
hull,  the  danger  is  over.    WitfhoMt  the  conductors,  dama^  ia 
tlie  m^y  abovermentiaa^d  ia  lj»y  no  mtawi  Amhkeiy,   Tiuia»  in 
•ama  Kiari^»  Ihaaa  m  not  anfoqneatly  an  iaon  apMla^  yfmm 
tMtk  Ilia  eapataa  is  au^mtad*  iaMMMliatefy  iwar  tba 
magaxine.   Thia  would  Ine^tably  transmit  the  elaotfie  asaMir 
4o  the  point  in  which  the  spiudic  terminates,  from  which  it 
aKoyld  %  ott  in  a  dense  and  concentrated  torm,  to  the  next 
fpciuft  wAAek  hijipMiari  ta  iia  itt  the  line  of  action.   Thfs  aaaw 
iwaaowiiigjip^iaa  io  Am  fltapta^  whielii  il  «ot  aavluaMy  mria 
aha  yaie  of  aatian*  4vanU  adaiit  af  dia  eleatHo  »aUer  hmg 
transmitted  throtiigh  such  other  points  as  might,  upon  the 
whole,  be  found  to  oppose  to  its  pioi^ress  the  least  resistance. 
Ifce.fiiechanical  appiicajtion  to  the  leasts 

aif  a«iara|Nilf»tila  )ti«d»aiKl  «iaiiha;only«iat  f^^af^^^dmm* 
jaathjthewBfdinii  of  ♦far  tiiliii^iaatfmcaB»4iialia.ortmaW|ip 

already  fitted,  little  defect  has  occnrf^*  I«  the  Dryad,  above- 
mentioned  (49),  no  complaint  whatever  is  made — rather  on  the 
jfroatrary.  The  copper  is  stated  to  atand  exifeiMely  well  (ui  the 
MMti,  aotwitha|»i>4ipg  that  the  waau  harnt  Imeu  fia^jiieMt^ 
«ipa6efl  ^  «  bwy  gfvan  c^f  tadlteiciiiata*  and  likiapisa.t^  vaiir 
aesaee  weather*  Now  it  must  be  rememfaared,  that  this  ship 
haa  passed  from^t^  culd^o.^a  l^^i^iiisg  ^liogi^.    It  would^  how- 
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pver,  b«  surprishig,  if  the  infancy  of  any  contrtvnnce  were  to 
be  equally  perfect  with  its  more  advanced  state,  or  that  every 
dtfieuky  fOBBtblo  to  ooeiir  in  finctiBt  «oidd  life  at  mmat  fomeen 
tttid  {MBvided  aitaUwt  Ffom  tin  chcismiitanot  of  llif  wnrficHir 
Mngffoiiatnieted  in  »aii7pwift,ifaeft  afpeiun  trtrr  w^manMt 
ground  for  believing,  that  vviieu  perfectly  applied  ou  tJic  masts, 
the  copper  will  withstand  any  action  which  it  may  foe  fairly 
to^  «0iiaiftteiit  with  the  safety  of  tht  mast  itatif*  in  th« 
evfmnwmM  Aam  lAaded  to  (45)^  a  ifRir^  wllli  Ae  mtnwimi 
oondoctor,  was  itpeotedly  sdbmiitffl  lo  on  «Kti*te'  iexAio  htf 

weighiS)  without  at  all  deranging  tiic  copper,  which  seemed  to 
play  freely  with  the  bending  of  the  spar  ;  on  the  weights 
being  withdrawn,  the  whole  returned  to  the  previous  line  of 
direction,  to  within  the  l*50th  part  of  an  Inch,  as  tneasured  by 
an  Index  placed  on  the  axis  of  a  small  wheel  delicately  hung,  and 
which  carried  a  fine  silk  line  and  counterpoise  attached  to  the 
centre  of  the  spar  ;  the  ela^tirky^^ic  whole  therefore  seemed 
very  perfect. 

57*  If  I  have  been  at  all  aucceasful  in  the  preceding  observa- 
tions on  the  protection  of  ships  from  lightning^  we  may  venture 
\o  aflinn,  lliat  die  proposed  mediod  of  defenee  \%  eflleieiit  Ymd 
practical)le,  and  if  carried  generally  into  effect,  is  likely  to  be 
productive  of  very  beneficial  consequences  to  shipping  generaHyj 
besides  that,  it  must  be  satisfactory  to  know^  that  we  have 
MsM  ounelmofthe  means  which' scAeiiee  has  so  laiig  si^ 
fwled,  and  iwlileli  axperlenee  fias  eoaHmied,  't^  MMhng  the 

iatal  coiiset|uences  resultinu;  to  sliijis  from  strokes  of  lightnings 
In  the  present  state  of  the  question,  these  means  may  be  con- 
^•iderad  as  either  iaeffeotually  applied.  In  the  greater  naaiber  of 
jmstabeet,  «ir  otherwvia  toferihr  neglected,  4t  tnMt  ba.eMi» 
sidered  as  matter  of  regret,  that  a  discovery  constdeneil  iiy 
«HeHti^  persons  as  one  of  the  most  important  yet  arrived  at 
by  electrical  inquiries,  and  offering  tlie  greatest  practical  ad-*- 
vantages,  should,  for  so  long  a  time,  have  been  unproductive  of 
all  the  benefits  of  wbieH  U  is  susceptible  ^  for  aMaQgli  bwtdiiigl 
Mmre^*  hate,  Ibr  a  long  pen«ly  lieen  etbeHially  proiMed, 
4y  Imeaiit  of  Kghtifing*iiods,  against  tlie  danger  arising  §mm 
Mtmoiipheric  electricity,  yet  it  must  be  admitted  ihftt,  duriu||; 
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the  bame  lapse  of  time,  ships  bave  been  coostaiitly  sufferinK 
hwn  this  source  of  danger. 
58.  AltlMuglK  tlii»  tttfajeet  lias  not  been  properlf  appitcinted 

nnder  an  impression  .that  tba  ebanoes  of 

dAmac:e  from  lig^htning  are  too  few  and  inconsiderable  to  war- 
rant even  the  little  trouble  and  expense  necessary  to  avoid 
them ;  yet  1  trust  to  have  made  it  appear  that  such  opinions  ajre 
by  no'  means  founded  on  reAectlon»  and  that  a  jodkioua  appli- 
nlleii  of  ined  and  oontinvons  ligbtning-pioCeetovsi  cm  ship- 
board, is  not  only  desirable  for  shipping  generally^  but  is  in  a 
grcfat  variety  of  instances  absolutely  essential  to  their  preser- 
vation* 

•  » 

rijSKmthi  Dec.  14, 1851. 


Aut.  VIII.— ^  Lbi  of  Patents  which  have  been  taken  out  since 

the  \st  of  July  IS'il  for  Inventions  or  Improvements  cou" 
.  mectsd  with  Naval  Affwarsi  with  Extracts  froin  S^^ec^ 

To  TWnas  Westrup  and  William  Gibbins,  both  of  Bromley, 

in  the  county  of  Middlesex,  events.,  fur  improvements  in  con- 
\  etting  salt  or  other  water  into  pure  or  other  water.  Dated 
May  24th»  1831. 

'   To  Jaec^  Perkins^  of  Fleet^streety  in  the  city  of  London^ 

engineer^  for  improvements  in  generating  steam.  Dated  July  2ti, 
1831. 

To  Baron  Charles  Wetterstedt,  of  Whitechapel-road,  in  the 
county  of  Middlesex,  for  a  composiUon  or  combination  of  mm- 
tefflals  for  sheathing,  painting,  or  preserving  ships'  bottoms,  and 

for  iHfler  purposes.    Dated  Julv  6th,  1831. 
.    ToM  OSes  Poole,  of  Lincoln's -inn,  in  the  county  of  Middle- 
sex, gent.,  for.  certain  improvements  in  steam»engines,  and  in 
propelling  boats  and  other  floating  bodies,  parts  of  which  im- 


# 
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pfttvetamts  am  ajif Ueable  to  oHlier  pui^ioM»  Comaumkated 

by  a  ibveigiicr:  DiitodrJjiity  13ch^  '  : 

.  To  AttguftiMi  Detnondiou,  of  Okl  Fith»-totreel-liil1,  in  th«  city 

of  London,  for  certain  iniprovementa  on  guiis,  muskets,  and 
other  fire<arins,  and  in  cartridges  to  be  used  tlierewith^  and 
method  of  primiug  Uie  same  ;  and  in  the  machinery  for  making 
Ihe  said  gm,  nmskels,  and  firft-arms }  also  the  cartridges  and 
priming;  which. improvements  are  also  applicable  to  other 
purposes.  Communicated  by  a  foreigner.  Dated  July  13th| 
1831. 

•  To  William  Batten,  of  Rochesteri  in  the  county  of  Kent» 
gent»  €oit  an  apparatus  for  diecking  or  stopping  chain-cables  { 
wlaeh  apparatus  maybe  applied  to  other  purposes*  Bated 
Idth  Jtthr,  1831. 

To  John  de  Burgh,  Marquis  of  Clanricarde,  for  certain  im- 
provements in  hre-armsy  and  in  the  projectiles  to  be  used  thercf 
with.  Communicated  by  a  foreigner.  Dated  Jnly  IMk,  1831. 
.  To  Sir  James  Caleb.  Anderson,  of  Bottevant-castle,  in  the 
county  of  Cork;  IrelMid,  baronet,  for  eertain  improved  mm^ 
chinery  for  propelling  vessels  on  water,  which  machinery  is 
applicable  to  other  useful  purposes.  Dated  August  2d,  1831.  . 
.  To  George  Holworthy  Palmer,  of  Manchester-'Street,  Grays-inn« 
road,  civil  ei^;ineer»  for  certsm  improveBKota  in  the  9team« 
engMM^  boiler,  and  apparatus,  ,  or  machinery  connected  there- 
with, applicable  to  propelling  vessels,  carriages,  and  other 
purposes.    Dated  September  16th,  1831. 

To  Mark  Cosuahan,  of  the  isk  of  Man,  eaiquire,  for  ceitaia 
improvements  in  apparatus,  modes,^  or  process,  for  converting 
sea  or  salt  water,  and  also  other  haraekisb,  turbid,  or  impure 
waters,  into  purified  or  fresh  water ;  which  apparatus,  modes, 
or  processes,  or  parts  thereof,  may  be  applied  to  other  pur* 
poses.    Dated  September  20th,  1831. 

To  William  Bingham,  of  St.  Mary  HaU,  esquire,  and  WiU 
linn  Dupe,  gun-maker,  both  of  tefordf  for  eertain  impioive» 
ments  on  fire*amis  of  diflere&t  deseriptiont*  Dated  Sep* 
tember  24th,  1831.  ' 

To  Henry  Hope  Werninek,  Qf  North-terrace,  Camberwell, 
in  the  county  of  Sunreyt  gent.,  for  certain  impeoveaifNita  in 
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and  other  app:iratus  or  means  applicable  to  the  same  objects* 
Commanicaled  by  a  foreigner.    Dated  September  24th9  1831. 

lb  Oliver  St.  Qmr§$,  of  GmaX  iCuinberianii*itn)et»  in  Um 
Minly  of  MMftdlMexy  itcpiiio^  for  •ertain  iaiiirovenMnIs  m  um^ 
■hfanry  ior  og^uirlng  powr  in  t\4m  or  corfwrts.  Coninffmkntdt 

b^'  a  foreigner.    Dated  September  28th,  I  Soil. 

To  Miles  Berry,  of  the  Otiice  for  Patents,  66,  CU;iiicery-li;i]€, 
in  the  parifiibol  St.  AndreMr,  Holhorn,  in  tho  eounty  of  Middle- 
finfinenr  «hI  MeuliMml  Dnhmm^  oonmnnicated  by 
hLMuk  Niabobtt  Stnfcbal,  Ingeidsmr dm Fimi».  H  Ckanmt 

residing  at  Versailles,  in  France,  for  certain  imprownenti 
in  the  boilers  or  generators  of  steam  or  other  vajjour,  and  in 
engines  to  be  workad  1^.  staam  or  vapour,  for  propeiliag  oi 
tfcftaatiog  inaebWitiy  do  hind,  and  ftsack  or  otbtr  floatny 
bodioi  on  wntar }  and  al«o  in  iho  modo  of  condenalflg  anch 
flteam  or  vaponr.   Dated  September  28th,  1831. 

To  WiHiaiii  Hale  of  Colcliester,  in  the  county  of  EfSsex^ 
maohinislf  lor  impro^meuts  in  nacbinaryi  or  aftparatus  f^ 
pro()olling  TCMcIa^  wM^  impvoMMnli  atatalto  apfdkablo  tot 
nui^  ar  fming  itida.  Datad  Oatobcr  1M|  I83K 

To  ArtlMr  Howtf  Holdaiaoitli,  of  Onmiotttit,  in  cIm  omi^ 

of  Devon,  esq.,  for  improvements  in  the  construction  of  rudders, 
and  iu  the  application  of  the  same  to  certain  detscripUORS  o( 
afaipaand  vcMlai  Datad  November  Ifttb^  Itdl^ 

EgiraeU  from  the  Specification  of  Mr.  Jeffrey  Shore*e 
Imprwement  on  Tackle  and  other  Hooki,  which  he  demmmates 
the  Self-reliemny  i/oeiU.*'-— My  invention  consists  in  tb^ 
opplicMion  of  a  wdgbt  to  ono'  end  of  a  boaki  arhercby,  *ao 
enan  ne  tbo  boal  or  oihar  load  -U  aappofted  by  athef  monnaf 
tba  weightad  end  aito«t8  tbe  bodi  ao  be  reiiaved  or  unbo^d } 
but  in  order  that  my  invention  may  be  more  readily  under* 
stood  and  carried  into  efiecty  I  will,  proceed  to  detcraba  tbe 
dramiflig  bemulo  annaral. 
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Figure  21  4ipr«ien|i  a  bloek  with  tivo  theavesy  and  %,  22^ 
%bkielir  iHlii  OR*  fimii^g  tud  23  iliows  »  qidle  Tiew  ^ cacbt: 
«f  wlilob  n  book)  iNHi8tmw4  aecordMig  ta  «iy  uifentioa,  is, 
a|ipiM  Fig.  24  represents  a  hook  to  be  used  without  a  block.^ 

In  each  of  these  fiigfiires  the  same  letters  indicate  similar  parts 
41  being  the  hook,  ^  the  strap  which  descends  below  the  btoc^ 
#  a  ^  ptmk»9  tbrm^h  tlit  ilr»fi  b  and  hook  %  md  thiia 
«etipg  at  a  falcnm  or  ants  on  y^wk,  the  }iook  tiiniai  if  is  a 
•ominuation  of  the  hook  beyond  the  pin  and  this  part  d  in 
made  more  heavy,  so  that  when  the  load  which  has  been  sus- 
pended by  the  hook  becomes  supported  by  spne  otlier  means^ 
Ihe  jNfft  d  wUI  deeeeiH^  as  ahown  by  dotted  Itaesi.aiid  cause  the, 
heoik  to  be  withdiawn  or  uoliooked*  1  will  now  uippm  a  boat 
taspended  by  two  of  these  hooks  to  the  stern  or  quarter  of  a 
vessel,  when,  if  it  be  desired  that  the  boat  should  be  lowered^ 
all  that  will  be  necessary,  will  be  to  slacken  away  till  the  boat  is 
the  waler,  and  supported  by  it,  when  the  bflphs  being  no 
\abg9i  pressed  npon  by  the  weiyhft  of  the  boat»  the  parts,  d  of 
ikt.  hooks  will  descend  and  withdraw  the  hooks^  wheroby  thet 
boat  will  be  relieved  from  the  hooks,  and  may  be  hauled  along- 
side, and  thus  the  difficulty  and  danger  wliich  are  experienced 
in  lowering  th^  boat  when  the  sea  runs  high  are  avoided,  and. 
Ih4  hoal  may  be  hoisted  with  much  greater  fecility^  for  It  will 
only  he  nf^eesfry  to  vcieya  (he  liujis  e  attached  to  the  point  of  the 
hooks  through  the  ring-bolts  and  haul  on,  which  will  bring  the 
hookii  through  the  ring-bolts,  when  the  boat  will  liaug  on  the 
hooks,  and  may  be  hoisted ;  and  these  hooks  may  be  made 
stiU  more  secure  from  unhooking,  by  taking  a  single  turn  with 
each  of  the  lines  e  (see  fig.  21)  affixed  to  the  point  of  the 
hook,  and  making  a  hitch  round  the  projecting  pin  d;  the 
hooks  will  be  moused  and  pcifectly  secure  from  unhooking. 
These  hooks  may  also  be  used  as  common  hooKs,  by  passing  a 
line  through  in  the  hole  of  the  part  d  of  the  hook,  and  by 
making  the  end  d  of  the  hook  fast  to  the  strap  ft. 

Observations  communicated  by  the  Pa/en/cc— The  following 
observations  may  explain  the  use  of  this  invention  more  fully. 
Suppose  you  are  lowering  a  boat  from  the  ship  s  quarter,  and* 
yott  are  fearful  of  the  head  tackle  coming  unhooked,  first  you 
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will  let  the  stern  tackle  unhook  itself,  and  a  man  in  the  head  of 
the  boat  wiU  lioid  the  line  attaelied  to  the  point  of  Hie  hook 
in  his  handy  with  one  turn  over  die  pin,  ontil  tifeh  time  as  the 
boat  IB  In  the  water,  then,  by  throwing^  off  the  hkch,  the  boat 
will  be  clear.  In  hoisting  up  boat^,  when  you  biin^  the  boat 
alongside  to  hoist  her  up,  you  will  reeve  the  line  through  the 
ring-boity  and  pull  upon  it,  which  will  haol  the  hook  into  its 
place;  then  one  turn  round  the  pin  moaaes  the  liook,  and 
makes  it  perfeetif  sectire  :  you  will  thereby'  save  the  men's 
fingers  from  being  jammed,  and  the  boat  from  being  dashed 
against  the  side  of  the  ship,  perhaps  tMro  or  three  times.  Ta 
consider  this  hook  in  the  most  awkward  sltuatraoi  which  is 
when  used  for  tlie  steni'^boat,  and  you  have  a  man  ombosidy 
die  ship  is  going  hut  through  the  water— she  goes  so  fast  that 
the  boat,  when  touching  the  water,  before  the  weight  is  all  off, 
goes  astern  of  the  ship  faster  than  the  hook  falls  f  it  will  not 
then  unhook  itself  in  that  ease  ;  the  men  in  the  boat  shoiM 
whip  thdr  hands  round  the  feU,  and  their  knees  against  the 
boat*side,  and  give  her  a  sliake  towards  the  sliip's  stern  $  two 
inches  will  be  enough,  it  will  be  sure  to  ijnhook.  It  will  be 
evident  from  this  explanation,  that  this  hook  cannot  fail  j  and 
I  may  add,  that  in  all  cases  in  which  they  have  been  used  at 
sea  they  have  met  with  most  decided  approbation;  to  which 
purport  I  have  certificates  from  officers  lioth  of  ffae  Royal  and 
Mercantile  na^es. 
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